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INTRODUCTION 


American “ plant ecologists ” and European “ phytosociologists ” 
have the same objectives in studying vegetation; they seek to de- 
scribe it, to explain or predict its variegated pattern, and to classify 
it in a meaningful way. The science of vegetation has developed, 
however, in quite different ways on the two continents. There are 
a number of reasons for the separation of these two scientific tradi- 
tions. So far as Americans are concerned, many difficulties are 
encountered in interpreting European phytosociological schools 
without knowing vegetation conditions of that continent. Diffi- 
culties of language and of translation, together with the fact that 
various phytosociological schools are still active in European liter- 
ature, further increase the difficulty of understanding European 
views. The author, a Dutch forester with a phytosociological 
background in the Zirich-Montpellier School of Phytosociology, 
has been much interested in comparing the ideas of American ecol- 
ogists with those of European phytosociologists during recent years 
spent in the United States. With the feeling that the value of 
European methods, as they might be applied to American vegeta- 
tion, has not been sufficiently investigated in the States, and with 
the hope of promoting mutual understanding in this respect, the fol- 
lowing interpretation of current European phytosociological methods 
and schools is offered. 

In preparing this paper the author is much indebted to Dr. 
Robert H. Whittaker, Dr. J. J. Barkman and Dr. V. Westhoff for 
their invaluable help, their critical discussions and their constant 
encouragement. Dr. Frank E. Egler, Dr. Knut Faegri, Dr. Ray 
Fosberg, Dr. Phil G. Haddock and Dr. Jack McCormick have con- 
tributed many constructive comments on the manuscript. With- 
out all their generous cooperation this paper would not have 
reached its present form. I wish to thank especially the editor of 
The Botanical Review for the painstaking care with which he re- 
vised the language_of this contribution. 
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PHYTOSOCIOLOGY AS A SCIENCE OF VEGETATION 

Phytogeography, or plant geography, is a science of the flora; it 
is concerned with the distribution of plant species in relation to 
climate, geography and history. Delimitation of phytogeographic 
regions is based upon their floras, i.e., on the plant taxa of the re- 
gions regardless of their abundance and ecology. Vegetation as a 
feature of the landscape, its major environmental relations to cli- 
mate, latitude, altitude, etc. are studied as segments of phyto- 
geography. 

Phytosociology, plant sociology or phytocenology is the science 
of vegetation, studying all characteristics of plant communities 
(phytocenoses), i.e., their physiognomy, floristic composition, 
community morphology and structure, community development 
and change, the multilateral relations of plants to one another and 
to environment, and the classification of communities. The last 
two fields are aspects of phytosociology as a whole. 

The term “ plant ecology ” has been traditionally used in Anglo- 
American literature but is both too wide and too limited in its 
modern meaning to be acceptable. It is too wide because it is con- 
cerned with individual plants as well as with plant communities. 
It is too limited because it means primarily the study of the inter- 
relations between organisms and environment, whereas the study 
of vegetation, phytogeography and phytosociology comprises more 
than these interrelations. “ Phytosociology ” seems to be the most 
appropriate term for a science restricted to community aspects, i.e., 
to the interrelations between plants, to their spatial arrangement 
and to their influence upon the environment. 

Some authors have felt a disadvantage in the term “ phyto- 
sociology ”, for it may suggest “ mutual ” relations between plants 
similar to those in human or animal sociology. Because of lack of 
such “ mutual” relations in a plant community where struggle for 
light, space, nutrients and water is among its determining factors, 
authors like Gams (1918) and Westoff (1951) have proposed the 
term “ phytocenology ”. In spite of the merits of this term, it has 


1A phytocenose is a concrete population of plants influencing each other, 
which population is in equilibrium with respect to number of species, floris- 
tic composition and number of individuals living together in a more or less 
homogeneous environment (Westhoff, 1951). If a group of individuals is 
considered without regard to their interrelations, the term “ population” or 
“colony” (Ge: Siedlung; Fr: groupement végétal) will be used in this ar- 
ticle. The “plant community” is the abstraction of the phytoceose. 
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not gained wide acceptance in some 25 years that have passed since 
its introduction, whereas “ phytosociology ” has become firmly es- 
tablished in international literature. Therefore, the designation 
“ phytosociology ” will be used in this paper. 


GENERAL HISTORY OF EUROPEAN PHYTOSOCIOLOGY 

Phytosociology is based upon two principles in plant com- 
munities : 

a) Plants are not randomly distributed. Instead, there are dis- 
tinct species combinations which repeat themselves regularly in na- 
ture. If there were random grouping of plant taxa, the number of 
possible combinations would certainly exceed the number of taxa 
according to the theory of probabilities. This observed fact, that 
usually only a very limited number of taxa combinations occurs in 
vegetation, means that the grouping of plant species is not hap- 
hazard. Under exceptional conditions in open pioneer communi- 
ties lacking plant competition, random distribution may be ap- 
proached. 

b) There is a complex interaction between plants and habitat 
(environment), and among individual plants. This observation 
led Clements (1916) to the belief that a plant community is an 
“organism”; Tansley (1920) called it a “ quasi-organism ”. 
Whether or not the “organismic” interpretation is accepted, it 
may be recognized that a plant community comprises more than is 
revealed by a listing of its component species. 

As pioneers in the science of vegetation, the classical plant geog- 
raphers described vegetation in its broad relation to geographical 
position and general climate for extensive regions and even for the 
world as a whole (Humboldt, 1806; Kerner, 1863; Drude, 1890; 
Warming, 1896). Their accounts constituted the descriptive 
phase of vegetation analysis. No special technique in recording 
species composition was elaborated, nor were sample plots of defi- 
nite size used. Descriptions were based chiefly upon observations 
and impressions acquired during world-wide travels. Only species 
considered of most importance were recorded. After 1900, at- 
tempts were made to distinguish vegetation “ formations ” accord- 
ing to their dominant species, geographical species distribution, 
physiognomy and environment (Schimper, 1903; Brockman- 
Jerosch and Rubel, 1912; Rubel, 1913.) 
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Of fundamental importance in this descriptive phase of vegeta- 
tion research, is the outstanding contribution of Kerner (1863) 
(Conrad, 1951) which provided the foundation for modern phyto- 
sociology. The classical plant geographers used physiognomic, 
geographic and ecological criteria as the basis of their distinctions 
in vegetation. Since plant communities were thus defined by en- 
vironmental criteria, such environmental factors could not be cor- 
related independently on the basis of this analysis of communities. 
Kerner’s great contribution to phytosociology has been his descrip- 
tion of communities according to characteristics of the plant ag- 
gregation itself, such as its physiognomy, floristic composition and 
species dominance. Thus vegetation, identified by its own char- 
acteristics, could be analysed for its occurrence in correlation with 
specific environmental factors. 

As interest in vegetation grew, floristic enumeration of plant 
taxa was perfected, and gradually the primitive descriptive phase 
was replaced by the analytic and synthetic phases. Not only were 
species listed, but for estimation or measurement of characteristics 
of plant communities, numerals were introduced and sample plots 
of definite size in combination with a definite sampling procedure 
were adopted. First, Schouw (1823) proposed a qualitative ar- 
rangement of species into groups of “ plantae sociales, gregariae, 
copiosae, sparsae and solitariae’’, in which Drude (1890) followed 
him. The first application of numerical values to species abund- 
ance and sociability seems to have been by Heer (1835), while 
Hult (1881) published, for the first time, a complete species list 
with numerical evaluation of cover degree. 

The master mind of Cajander (1903) introduced the first tabu- 
lation of several vegetation plots with numerical evaluations of 
abundance but without using its full advantages for comparison of 
different floristic compositions of plant communities. Neverthe- 
less, with the important introduction of numerical values and tabu- 
lation of plot data, wide possibilities were opened to describe and 
analyse plant communities statistically. At present, methods have 
been developed with symbols and numerical standards to deter- 
mine: a) the vegetation cover of sample plots in a vertical projec- 
tion of all aerial plant parts as a percentage of the total plot area 
studied; b) dominance and/or abundance values of every listed 
species as the total cover degree of all individuals present; c) vital- 
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ity (vigor) or relative vitality values of a species; and d) the life- 
form type of a species. 

Gradually the term “plant community ” became an abstraction 
of the concrete representative of the community, the phytocenose. 
From a number of concrete phytocenoses in the form of tabulated 
vegetation plots, an abstraction (association, sociation) can be 
made. In a similar way abstract communities are combined into 
higher vegetation units. Depending upon the viewpoint of the in- 
vestigator, floristic, physiognomic, ecological and successional cri- 
teria have been used for the synthesis of abstract vegetation units. 
Thus the synthetic phase is the logical consequence of the analytic 
phase. Usually the local experience of an investigator has limited 
his synthesis of communities to those within one phytogeographi- 
cal region. However, the recent monographs of Braun-Blanquet 
(1939), Schwickerath (1940), Tiixen (1950) and Bartsch (1952) 
are attempts at synthesis and classification of communities of the 
whole European continent. 

The original “ phytosociological ”, or better, “ phytogeographi- 
cal”, school in Europe has disintegrated into a number of tradi- 
tions with varying emphasis upon floristic composition, dominance 
and environment. The four major European schools will be 
briefly discussed, namely, the Physiognomic-Ecological School, the 
Russian School, the Uppsala School and the Ziirich-Montpellier 
School (abbreviated to ZM-School). General phenomena of vege- 
tation will be discussed in the descriptions of the schools and 
methods where it seems most appropriate to introduce such dis- 
cussion. 


THE PHYSIOGNOMIC-ECOLOGICAL SCHOOL OF 
PHYTOSOCIOLOGY 

Brockman-Jerosch (1912, 1925), Riibel (1913, 1929, 1936) and 
Daniker (1939) have considered it impossible to synthesize vege- 
tation patterns from analyses and descriptions of small plant com- 
munities. These authors study large “ zones” and “ formations ” 
of vegetation for determining factors, and their objective is small- 
scale vegetation mapping, not detailed local vegetation studies. 

Schmid (1944) seeks to describe vegetation by a causal (Ge: 
“kausal”’) approach, considering the community as a complex 
biocenose, through analysis of its complete environment. In 
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theory every environmental factor should be analysed for the de- 
lineation of vegetation types. Special attention is given to ecologi- 
cal environment and physiognomy of the biocenose. In practice 
the analysis is limited to observations of local major factors, such 
as geographical positions, slope, altitude and general climate, with- 
out elaborate quantitative analyses. 

From the descriptive standpoint the physiognomic-ecological ap- 
proach has definite advantages for the distinction of large physio- 
graphic vegetation types in regions where flora and vegetation are 
as yet little known, as in the tropics. But in detailed analysis of 
local vegetation patterns it has achieved little success (Heuer, 
1948). 

Meusel (1939, 1940, 1954), Regel (1932) and perhaps Gams 
(1939, 1954) place a different emphasis on floristic-physiognomic- 
ecological criteria, but they can perhaps be best included in this 
rather heterogeneous phytosociological school. 


THE RUSSIAN SCHOOL OF PHYTOSOCIOLOGY 


In Russia the first ideas of “ phytosociology ” appeared with the 
classical plant geographers—Semenov, Beketov and Borshov 
(1850-1865). Goby in Leningrad (1876) developed the first 
community concept in his “ types” as “ the mutual combination of 
plants or the grouping of plant forms”. In later publications of 
Koshevnikov, Litvinov (1884, 1891) and others, distinctions in 
vegetation based upon physiographic criteria were named “ forma- 
tions”. Korjinski (1888), Krasnov (1887) and Paczoski (1891) 
can be regarded as the real founders of Russian phytosociology. 
Paczoski of Poland (1891), in particular, defined many funda- 
mental concepts, distinguishing clearly between flora and vegeta- 
tion. The study of plant species (flora) he called “ phytology ”, 
and the study of vegetation, “ florology ”, defined as the “ science 
of the genesis, the life, and development and the distribution of 
vegetation formations”. In 1896 Paczoski replaced the term 
“ florology”” by “ phytosociology”, a designation independently 
proposed by Krylov of Tomsk (1898) who defined it as “ the 
social relations between the plants ”. 

The Leningrad School emphasises succession in vegetation and 
the role of species in this process. Katz (1930) studied bog vege- 
tation, while Kortshaguine (1946), Sukachev (1932, 1934, 1935) 
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and Sokolov (1938) studied chiefly forest vegetation. The forest 
is considered to be composed of “ associations ” in a large “ phyto- 
cenose”, consisting of a combination of so-called “unions” or 
“synusiae”. The vegetation is layered and characterised by 
“dominant species”, “constructive species” (é€dificateurs) and 
“accidental species”. In classifying forest types the dominants of 
the tree layer are generally used in combination with the various 
dominants of each layer (stratum). For analysis of these differ- 
ent strata, sample plots of various size are used. The plot size de- 
pends upon the stratum analysed, that for the tree layer being 
naturally the largest, while moss communities are analysed from 
very small plots within the large plots of the tree layers. 

The Moscow (and Kiev) School also emphasizes dominance of 
species in each stratum. It studies chiefly desert vegetation of the 
arid and subarid regions of Central Russia, classified into “ asso- 
ciations ” (Alechin, 1932; Poplavska, 1924; Keller, 1932). 

Typical of Russian phytosociology is the concept of the “ commu- 
nity” as characterised by its social structure and constantly chang- 
ing equilibrium. Alechin (1925) and Katz (1930) look upon 
“ phytocenoses ” as concrete communities, while Keller (1932) and 
Sukachev (1928, 1932) regard “communities” as abstractions. 
Alechin (1926) defined a plant community as a “ phytocenose ”’, i.e., 
a concrete complex of plants of the same life-form with mutual adap- 
tations. Its fundamental characteristics are: a) “ social” structure; 
b) stratification in space and time (changes of aspects = aspectation, 
annuation) ; ¢) species variability consisting of antagonistic plant 
groups which flourish under different optima at the same place 
(annuation) and under different ecological optima in a variable 
equilibrium; and d) stability in maintaining itself as a botanical 
reflection of present physiographic relations and of the history of 
the region. Sukachev (1928) defined a plant community as a 
totality of plants under mutual influence, which influence finds ex- 
pression in adaptation to habitat factors and in the interrelations of 
plants, as much in the sense of competition as of mutual aid. 
Meanwhile the whole system is in labile equilibrium, subject to a 
well determined process of development. 

In modern Russian phytosociology the 
has been enlarged to the “ biocenose ” 


‘ , 


*‘ phytocenose ” concept 
concept, comprising any 
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concrete complex-community of flora, fauna and man living to- 
gether under the same environmental conditions of a given habitat. 

According to Alechin (1946), Bukovsky (1935), Serpukhova 
(1947), Roussin (1948) and Wawilow (1950), Russian phyto- 
sociologists are still studying fundamental concepts of the bio- 
cenose. They are trying: a) to develop a complex methodology 
and classification of biocenoses composed of flora, fauna and man; 
b) to reconstruct Russian phytocenology by rejecting the fossil- 
ized concepts of vegetation of European phytosociologists; and c) 
to provide a satisfactory phytocenology in harmony with the doc- 
trines of Marx and Lenin, on the assumption that such a pursuit is 
compatible with science. The publications used for reference re- 
veal that these objectives have not as yet been achieved and that 
their concepts of vegetation have not yet crystalized. Lack of 
more recent information makes it impossible to furnish any more 
explicit evaluation of Russian approaches in the science of vegeta- 
tion than the preceding. 


THE UPPSALA SCHOOL OF PHYTOSOCIOLOGY 
The Uppsala School was founded presumably by Rutger Ser- 


nand and originally was a school in Quaternary geology. After 
about 1920, however, this school developed into a phytosociological 
one, carried on chiefly by Sernander’s students (Du Rietz, Fries 
Nordhagen, Osvald, et al.). Its fundamental concepts can be 
traced back to Hult of Finland (1877) and to Korjinski of Russia 
(1888). 

The first Scandinavian attempt to group vegetation into a phyto- 
sociological frame dates back to Hampus von Post (1862) who 
recognized units based upon species composition and “ media” 
(natural as well as anthropogenic habitats), provided the grouping 
of species can be related in some way to the “ media” (Vaupell, 
1863). The habitat of a vegetation type is called “ Vegetationslo- 
kal”, defined as the locality in which a plant community persists 
with a characteristic species composition under homogeneous en- 
vironmental conditions. Usually, physiographic criteria have been 
used in establishing a “ Vegetationslokal”’, with major emphasis 
on local topography. Using characteristics of the vegetation itself, 
Hult (1877) described numerous communities as “ formations ”’. 
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He (1881) devised also the first numerical scale for estimation of 
species cover degree and postulated the stratification of a com- 
munity into height layers. Sernander (1892) modified Hult’s 
technique for Swedish vegetation, which methodology and con- 
cepts still form the foundation of the Scandinavian approach. 

Between 1913 and 1920 the modern Uppsala School took its 
present form in a series of voluminous publications on Swedish 
vegetation. The exact formulation of concepts and analysis by Du 
Rietz et al. (1920) concluded this initial period. However, Nord- 
hagen (1923, 1936) and the Danish School of Raunkiaer (1928) 
adopted quite different concepts and are discussed separately. 

To understand the various concepts of the Uppsala School one 
has to visualise the uniformity of Scandinavian vegetation, rela- 
tively poor in species composition and growing under extreme 
cold. Only a few species are present in sample plots, and their 
tendency to form large uniform patches by dominance has led to 
the acceptance of dominance as one of the fundamental concepts of 
this phytosociological school. Analysis and synthesis of communi- 
ties in this School have, therefore, centered around abundance, 
constancy and dominance of single species. Originally Du Rietz 
(1920) emphasised constancy rather than dominance of species in 
his separation of vegetation units, but since 1930 dominance has 
been the prevalent criterion. Such an approach is entirely appro- 
priate in Scandinavian and arctic vegetation, and in similar locales 
of uniform vegetation all over the world, even in the tropics, where 
this small-scale vegetation mosaic occurs just as well. 

At first, the fundamental unit of vegetation in the Uppsala 
School was known as the “association” (Du Rietz, 1920), but 
this term has been replaced by “sociation” (Du Rietz, 1932) to 
distinguish the unit from the association of the ZM School 
(Zirich-Montpellier School, Braun-Blanquet, 1928). 

If, as an example (Fig. A), we imagine a pure Douglas-fir for- 
est (Pseudotsuga taxifolia) with a dense shrub layer of vine maple 
(Acer circinatum), a dense ground cover of dominant salal (Gaul- 
theria shallon) and a uniform moss cover of dominant Eurhyn- 
chium oreganum, we may call this Douglas-fir forest type the 
Pseudotsuga taxifolia-Acer circinatum-Gaultheria shallon-Eu- 
rhynchium oreganum-sociation. Each stratum, as an independent 
layer community dominated by a single species, is called a 
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Fic. A. Diagrammatic representation of layered vegetation, according to 
the Uppsala School of Phytosociology. Each layer (communities A-G), 
characterised by the dominance of a single species, is a socion. A complex 
layered community, consisting of one socion in each height layer, is a socia- 
tion, of which there are eight different combinations in this diagram, e.g., 
A-B-D-F and A-B-D-G. The alternate socions of one height layer (B-C, 
D-E, F-G) form a consocion, and the combination of a consocion with 
socions or consocions in other height layers constitutes a consociation, e.g., 
A-(B/C or a)-—D-F. Any combination of consociations characterised by 
one common tree socion (A) would be an association of that tree species. 


“ socion ”, and the whole forest type, composed of only one socion 
in each height layer, is called a “ sociation”. Thus the sociation is 
defined as a “stable phytocenose of really homogeneous species 
composition, i.e., at least with constant dominants in each stra- 
tum” (Du Rietz, 1932). 
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If in the same layer (stratum) patches of different dominant 
species (different socions) alternate with each other, this combina- 
tion is called a “consocion”. Thus a Douglas-fir forest type, in 
which patches of dominant salal (Gaultheria shallon) alternate 
with dominant Oregon grape (Mahonia nervosa) as a consocion of 
the herb layer, with a moss layer of dominant Eurhynchium ore- 
ganum and no shrub layer, is called a “ consociation ’’, in this case a 
“ Pseudotsuga taxifolia—(Gaultheria shallon+ Mahonia nervosa)— 
Eurhynchium oreganum-consociation ”. A consociation is defined 
as a “stable phytocenose which in at least one layer exhibits the 
homogeneity of the sociation (thus with really homogeneous spe- 
cies composition), while the other layers can exhibit any arbitrary 
heterogeneity of consocions” (Du Rietz, 1932). Usually the 
homogeneous layer of the consociation will be the tree layer domi- 
nated by a single tree species but not necessarily. Any combina- 
tion of consociations into one forest type is now called an “ associa- 
tion”. An association is defined as a “stable phytocenose 
consisting of one or more consociations, in which one layer is domi- 
nated by a certain group of plant species with a strong (phyto)- 
sociological affinity to each other. The composition of the other 
layers can be very different, and also the continuous association 
can vary considerably in species composition in the various parts 
of the association” (Du Rietz, 1932). Because the tree layer usu- 
ally forms the characteristic and binding layer of the association, 
its minimal area will be far greater than the minimal area of the 
association sensu ZM School, and it may perhaps approach the as- 
sociation sensu Clements (1916). 

Du Rietz et al. (1920) formulated four “laws” of vegetation 
which may illustrate further the concepts of the Uppsala School : 

a) Every sociation or socion needs for its normal development a 
specific minimal area. Each layer and each layered community 
has its own minimal area, the size of which depends upon (a) its 
variability in species composition (greater minimal area with 
greater variability of taxa, (b) the size of the plants composing the 
community (greater minimal area for tree socions than for moss 
socions), and (c) the degree of mixture of taxa (with an intensive 
mixture of non-dominant species the minimal area will be greater 
than for patches of single dominants (socions)). To determine 
the minimal area of each socion, a large sample plot of the associa- 
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tion is subdivided into smaller areas until a socion has been ob- 
tained characterized by a single dominant species. This minimal 
area concept has been adopted by the ZM School. 

b) Every sociation has a number of dominant species, of which 
at least one will be present in every sample plot of the sociation, 
provided the sample plot size is larger than the sociation’s minimal 
area. These prevalent joint species are called the “ constant 
species ”. 

c) In sample plots of the same sociation, evidently, a certain 
phytosociological affinity prevails among the constant species. 

d) Socions (sociations) border on each other with distinct 
boundaries. Gregarious species tend to form uniform patches by 
their dominance (socions), whereas socions rarely intermingle 
with one another. Each layer can be regarded as a mosaic of 
socions bordering with distinct boundaries on adjacent socions. 
Even when the environment changes continuously along a gradi- 
ent, the vegetation pattern will respond usually with discontinuity. 
This apparent contradiction can be generally explained by con- 
sidering the peculiarity of mosaic vegetation. Where two species 
occur with about equal potency of dominance in different but con- 
tiguous parts of a gradient, the one species may be omnipotent in 
dominance within a certain stretch of the gradient, even with in- 
creasing unfavorable growth conditions for that species. Beyond 
the critical point of that gradient stretch, depending on species 
tolerance, the other species will be suddenly omnipotent in domi- 
nance because of the environmental change, leaving under constant 
competition for dominance a very narrow zone of equal dominance 
potency (mixture) between both species. 

Du Rietz (1932) has further developed a complex classification 
of sociation, federation, formation and panformation with their 
equivalents in socion, federion, formion and panformion, which 
will not be discussed. 

In its analysis technique the Uppsala School divides the one- 
layer community into a number of small quadrats, generally ten. 
The occurrence of species is noted in these quadrats, and species 
presence or constancy, which Du Rietz wrongly called “ fre- 
quency ”, is calculated from these quadrats. Constancy of species 
is calculated by comparing different sample plots of the same socia- 
tion. Constant species are species present in more than 90% of 
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the sample plots. The cover degree (dominance) of species is re- 
corded according to the Hult-Sernander scale (see Table III). 

In spite of the great contributions of the Uppsala School, with 
its scrupulous analysis technique, the present author believes, along 
with other members of the ZM School, that there are weaknesses 
in the Uppsala approach. Certainly the analysis of smal! quadrats 
is more objective than the ZM analysis, and it has been success- 
fully used in grasslands (de Vries, 1949). Sociations grouped ac- 
cording to species dominance do represent, in general, useful 
physiognomic units but with very different ecological value, even 
in Scandinavia, because of the ubiquitous distribution of the con- 
stant dominants. As an example, Vaccinium myrtillus can be 
mentioned as a constant dominant from seashore to timberline, 
from bogs to dry forest. Such a species has hardly any diagnostic 
value in comparing socions. Neither emphasis upon dominance in 
the research of smaller vegetation units, nor limitation of socions 
to patches with single species dominance is false in itself as ap- 
plied to Scandinavian vegetation. But dogmatic application of this 
dominance concept, and its exaggerated importance above all other 
obvious distinctions between communities, have led to deporable 
rigidity which has hardly been overcome. 

The independence of height layers in the sociation representing 
socions (cf. also consocions, associons) has also received much 
criticism from ZM phytosociologists. Since all species of the up- 
per stories start as seedlings and subsequently outgrow all lower 
layers, the layered community is one entity from mosses to the 
tree layer, in which certainly environmental differences will be evi- 
dent. However, in abnormal cases, where transgressive vegetation 
is very infrequent in space and in time, as in Scandinavia, the 
study of separate layers is appropriate. Natural grazing and re- 
peated ground fires are, or may be, other one-layer phenomena, 

Although the Uppsala School offers an excellent analytic ap- 
proach to vegetation, it definitely lacks satisfactory synthesis and 
classification of vegetation units. As examples of the impractical 
synthesis of communities in otherwise excellent research work, the 
following results of the Uppsala School may be mentioned. 
Osvald (1923), in his famous bog study of a five- x eight-mile area 
of one peat bog, recognised no less than 164 different associations 
(= sociations) besides numerous intermediate “ association-spots ”. 





ZURICH-MONTPELLIER SCHOOL OF PHYTOSOCIOLOGY 425 


It is of interest to compare this synthesis of bog vegetation with 
the study by Schwickerath (1940, 1941) of bog vegetation cover- 
ing the whole of Germany, in which only four associations and two 
alliances are described. Lindquist (1931), in a study of beech for- 
est communities of southern Sweden, distinguished no less than 13 
different associations, in which Asperula odorata is dominant 
within a relatively small forest region. Besides these 13 distinct 
associations, Asperula may be found in numerous other associa- 
tions, but not as a dominant. It needs no further illustration that 
such excessive subdividing of the vegetation of a few square miles 
will eventually lead to chaotic numbers of (as)sociations, once 
countries or regions have to be inventoried. Such extreme split- 
ting may correspond to minor environmental changes but will have 
limited practical value for synthesis and classification purposes in 
regions with rich heterogeneous floras lacking any general domi- 
nance of single species. 

Nordhagen (1936, 1943, 1954) maintains the intermediate posi- 
tion between the Uppsala and the ZM approaches. For his lower 
vegetation units he has used the dominance concept (socion, socia- 
tion) of the Uppsala Tradition, but for synthesis of higher vegeta- 
tion units (alliance, order) he has fruitfully relied upon the fidelity 
and characteristic species composition concepts of the ZM Tradi- 
tion. 

The Danish School completely disregards the dominance con- 
cept and analyses plant communities statistically by means of the 
frequency distribution of species (Raunkiaer, 1934; Bocher, 1933; 
Iversen, 1936; Sgrensen, 1948). For frequency analysis numer- 
ous small circular plots are sampled for species occurrence in a 
random or systematic sampling procedure. The frequency is cal- 
culated as the percentage of the species in all small plots, and from 
the frequency data conclusions of species abundance and distribu- 
tion are drawn. 

The Finnish School maintains another independent position. 
Cajander (1903) has developed a floristic classification of forest 
types based chiefly upon lesser vegetation. His concepts closely 
approach the concepts of species fidelity and the association of the 
ZM School, but he uses the Hult-Sernander scale for cover degree 
estimations. Emphasis is placed on the constant non-dominant in- 
dicator species for his forest types. No classificatory synthesis of 
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forest types into higher vegetation units has been made. Besides 
forest vegetation, bog vegetation has been intensively studied 
(Cajander, 1949; Kalliola, 1939; Kujala, 1926, 1945 ; Tuomikoski, 
1942). 


THE ZURICH-MONTPELLIER SCHOOL OF 
PHYTOSOCIOLOGY 

The ZM School had its origin in central and southern Europe 
where, contrary to Scandinavia and northern Russia, a rich hetero- 
geneous vegetation survived glaciation. In this region numerous 
striking habitat differences can be observed within a few square 
miles, which obviously “ cause ” corresponding differences in vege- 
tation pattern. This “ causal complex” (Westhoff, 1951) can be 
explained by: a) the present environment, b) historical and geo- 
graphical factors, and c) the competition and interrelations be- 
tween the components as determined by environment and specific 
properties of the plants. 

Locally the present environment (habitat) varies considerably: 
a) by diversity of topographic exposure, slope inclination, altitude 
and latitude, b) from lowland to montane, from subtropical to 
arctic-alpine growth conditions, c) by change from humid (sub- 
oceanic) to dry (subarid) climates, and d) by diversity of geologi- 
cal parent materials, soil types and soil genesis. 

Among the historical and geographical factors are: a) differ- 
ences in glaciation, b) change of Quaternary climates, c) plant mi- 
gration and the accessibility of habitats for such migration, and d) 
present and past biotic influences chiefly caused by man, such as 
exhaustive and ancient cultivation, overgrazing, inundation and 
drainage, fire and soil erosion. 


General Vegetation Concepts 


RELATION BETWEEN VEGETATION AND HABITAT, SPECIES ADAPTA- 
TION. In its growth and reproduction, each persisting species has 
to survive the total impact of all environmental forces in its habitat. 
Plants can not migrate from an unsuitable habitat to a suitable one 
as animals can. Once a seed has rooted in any habitat, the ensuing 
plant has a fixed station, and it can not escape the impact of all 
favorable and unfavorable habitat factors. Each species has a spe- 
cific ecological amplitude in nature; the wider the amplitude, the 
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more adapted the species is to colonize many ecologically different 
habitats. “ Ecological amplitude of a species” refers to the in- 
herent physiological nature of the species so far as that nature en- 
ables it to grow and reproduce within a definite gradient of en- 
vironmental factors. Of the many kinds of seed which may sooner 
or later reach a particular habitat, only a very limited number 
germinate. A still smaller number will develop into mature plants, 
and only the best adapted species will reproduce and perpetuate 
within that habitat. 

There is constant competition in vegetation, not only among spe- 
cies but also among ecotypes and even individuals of the same spe- 
cies. The total assemblage of species which compete successfully 
with each other in the struggle for light, space, nutrients and mois- 
ture, forms the plant community characteristic of a given habitat. 


PLANT COMMUNITY, PHYTOCENOSE, ASSOCIATION. All plants 
growing in the same habitat form a phytocenose, that is, an assem- 
blage characterized by its species composition, species abundance, 
dominance and sociability, as well as by the relative vitality of each 
species reflecting the interrelations between species. Any change 
in the habitat will be reflected floristically in due time by the 
phytocenose. Therefore, phytocenose and habitat (environment) 
are inseparable ; they influence and change each other permanently. 
The phytocenose is viewed as comprising the whole vegetation of 
the habitat. It may be stratified into height layers, but such layers 
are only parts of the phytocenose. These layers (strata) are inter- 
dependent, not independent (cf. Uppsala School). Even the tall 
tree species begin life as seedlings on the same habitat as the 
shrubs, mosses and lichens. Bound by complex interrelations 
these different components grow under different ecological condi- 
tions of micro-habitats. Their combination on the same (macro-) 
habitat, however, forms the complex phytocenose characterised by 
its species composition. 

Originally the term “ association ” was introduced for application 
to plant communities of characteristic species composition. The 
Third International Botanical Congress in Brussel (Wildeman, 
1910, p. 152) adopted the general definition of association as “ the 
fundamental unit for phytosociology, being a plant community of 
certain floristic composition, of uniform habitat conditions and of 
uniform physiognomy”. This broad definition has been inter- 
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preted by the various phytosociological schools with different em- 
phasis upon certain criteria of distinction. In a general sense, the 
term “association” has been replaced by “plant community ” 
which can be best defined as an abstract vegetation unit distin- 
guished by physiognomic, structural, floristic, ecological or syn- 
dynamical criteria, or by any combination of these criteria. The 
phytocenose is the concrete representative (specimen, stand) of 
such a plant community. 

An “association” (sensu ZM) can probably be best defined as 
a (abstract) plant community identified by its characteristic spe- 
cies composition (or assemblage), including one or more (local) 
character species or differentiating species (Meijer Drees, 1951). 
The concept of the abstract association can be compared with the 
“ species ” concept in taxonomy, based similarly upon an abstrac- 
tion and comparison of a number of specimens representing the 
“ species.” Likewise, an association is described after analysis of 
a number of selected phytocenoses. 

To avoid misunderstanding it- may be pointed out that the 
Anglo-American School of Phytosociology (Clements, 1904, 1916; 
Cowles, 1899; Nichols, 1929; Tansley, 1920) has used the term 
“ association ” in its abstract ? sense for a large vegetation unit (cli- 
max) characterizing an extensive region as its climatic climax, 
towards which other vegetation units develop. Species dominance 
and climax trend (succession) are more important criteria for this 
Clementsian association concept than floristic and ecological differ- 
ences in plant communities. The “association” (sensu ZM) has 
no equivalent concept in the Clementsian philosophy. 

In the following discussion the methodology of the ZM School 
will be divided into two phases: a) the analytic phase, concerned 
with sample plot selection, the size of the sample plot, and the 
qualitative and quantitative analysis of a phytocenose; b) syn- 
thetic phase, concerned with the preparation of synthesis tables 
(tabulation of plot data) and with description of the association. 

2 Clements has frequently referred to his associations as being “ concrete” 
vegetation units. However, since his association characterizes a vegetation 
unit (climax) for a large and extensive region and it has not been con- 
nected directly with (any existing individual stand or vegetation plot, his 
usage of the term “concrete” is extraneous. Therefore, the term “ ab- 
stract” has been applied here in substitution of Clements’ “concrete” since 


it better represents his intended definition in its generally accepted usage in 
ecological literature. 
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Analytic Phase of the ZM-approach 


For analysis of sample plots the phytosociologist must have ade- 
quate knowledge of the local flora of vascular plants, bryophytes 
and lichens. Identifications for complete inventory must be made 
not only from the flowering or fruiting stage but also from sterile 
and deformed specimens. Critical specimens have to be collected 
and submitted for identification to specialists, but the phytosociolo- 
gists must be competent to identify the majority of the local flora, 
otherwise successful field work can not be pursued. 


SUBJECTIVE SAMPLE PLOT SELECTION. The freedom allowed by 
the Uppsala and ZM methodology in subjectively selecting sample 
plot areas in the vegetation, is a major advantage for the investi- 
gator in comparison with objective (rigid) sampling techniques. 
At first glance, this freedom seems to be a drawback because no 
precise and exact field procedure can be suggested. However, 
with some experience it is possible to select the most typical spots 
within the vegetation pattern for sampling. It requires close study 
of local vegetation patterns in a preliminary survey of the area. 
First of all, the investigator has to postulate some hypothetical dif- 
ference in vegetation cover correlated primarily to floristic differ- 
ences of phytocenoses, while additional physiographic and biotic 
features may be very helpful. Then, in a second step, the investi- 
gator must try to analyse these “ preconceived” differences in 
phytocenoses by sampling the most typical and homogeneous vege- 
tation spots. If his initial subjective choice for homogeneity of 
phytocenoses proves to be consistent, he will find constant differ- 
ences floristically between the sampled phytocenoses. Valuable 
and practical results can be obtained in a relatively short time, 
which knowledge can be checked in other areas. For a discussion 
of the homogeneity of vegetation plots and its statistical evaluation, 
see page 459. 

The ZM approach has often been criticized for the subjectivity 
of its sampling procedure. However, subjectivity of sample choice 
must be accepted in the procedures of many empirical sciences. 
Furthermore, the subsequent statistical checking of the data 
through presence (constancy) and fidelity can provide some check 
of the original sample choice. More homogeneous plot data can be 
obtained by this method than by most of the other sampling tech- 
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niques, particularly in view of the time involved in gathering such 
data. After the investigator has developed the right intuitive feel- 
ing by experience, he can detect minute floristic differences in 
habitats by noticing certain species combinations. In this manner 
he will develop his “ phytosociological view” (‘‘ Soziologischer 
Blick”) of vegetation. This is not mysterious or supernatural. 
It manifests only his experience and the acquired observational 
power to notice environmental change by the distribution pattern 
of species and floristic composition of the phytocenoses. Later, in 
the synthetic phase, in the compilation and subsequent statistical 
treatment of the collected sample plot data in synthesis tables, he 
can verify this intuition by comparing the diagnostic and ecological 
value of the same plant species in phytocenoses of other localities. 

The free and intuitive plot choice is the major reason for the 
success of the ZM School. Since each investigator may choose a 
plot wherever in the vegetation it best suits his specific purpose, 
this methodology has demonstrated all the flexibility necessary for 
a growing empirical science. 


SIZE OF SAMPLE PLOT AREA. Neither the size nor the shape of a 
sample plot is standardised. There are only two requirements: a) 
that the size and shape permit inclusion only of the most typical 
segments of homogeneous vegetation; b) that the size be at least 
equal to, but preferably greater than, that of the minimal area of 
the community studied. 

In plotting the ratio of the recorded number of taxa to the size 
of the area analysed, an asymptotic curve can be constructed show- 
ing the relation between increase in species number and increase in 
plot area. After a certain plot size has been reached, the increase 
in species number is insignificant; such an area is called the 
“ minimal area” (Ge: Minimalraum, Minimalareal ; Fr: aire mini- 
mum, espace minimum) of the community studied. For a detailed 
and graphical approach to this minimal area problem, see Vestal, 
1949; Goodall, 1952; Oosting, 1953. 

For the general study of local vegetation types, a uniform plot 
size is of advantage for comparison of plot data in synthesis tables. 
Plot size can vary from a few square centimeters for crustaceous 
lichen communities on rocks to a few square meters for grassland 
communities to plot sizes of two square miles and more for tropical 
forest communities. 
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QUALITATIVE AND QUANTITATIVE ANALYSIS. Once an area to be 
analysed has been chosen and laid out in any shape permitting in- 
clusion of only homogeneous vegetation, the real analysis can pro- 
ceed rather mechanically. Four or more height levels can be dis- 
tinguished within the phytocenose: 


a) the moss layer, comprising the first few centimeters above 
the soil surface. 

b) the herb layer of the lesser vegetation. 

c) the shrub layer. 

d) the tree layer, consisting of tree species above the other 
layers. 


Each height layer should be estimated separately as to its cover 
degree of surface area, and its total species composition. 

Every plant should be identified to species, regardless of its 
maturity or abnormal growth. The various species should be 
listed separately, and the abundance of each species estimated ac- 
cording to the two scales for their combined cover degree—abun- 
dance and sociability in Table I. Abundance is the density of in- 


TABLE I 


SCALES OF COMBINED COVER DEGREE—ABUNDANCE AND SOCIABILITY 
(Szafer-Pawlowsky, 1927; Braun-Blanquet, 1928, 1951) 





Combined Cover Degree—Abundance Sociability 
(Ge: Dominanz—Abundanz) (Ge: Soziabilitat) 
(Fr: dominance—abundance) (Fr: sociabilite) 





r—erratic occurrence 1—growing solitarily, singly 
+—occasional and less than 5% 2—-growing in small groups of a 
cover of total plot area few individuals 
1—abundant or common but insignifi- 3—large group of many individ 
cant in cover, less than 5% cover uals, small scattered 
of total plot area patches 
2——-very abundant or common but low 4—patches or a broken mat 
in cover, 5-25% cover of total 5—extensive mat almost com- 
plot area pletely covering the whole 
3—25-50% cover of total plot area plot area 
irrespective of number of 
specimens 
4—50-75% cover of total plot area 
irrespective of number of 
specimens 
5—75- 100% cover of total plot area 
irrespective of number of 
specimens 
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dividuals of the same species on a plot area. Cover degree (domi- 
nance) is the vertical projection of all aerial vegetative parts of the 
species as a percentage of the total plot area. The scale of the 
combined cover degree-abundance, now in general use, combines 
both concepts into the above estimation scale. 

The sociability scale is concerned with the grouping of individ- 
uals of the same species. For all practical purposes, any sprout 
coming out of the soil is considered as a separate individual, re- 
gardless of whether it is part of another individual or not. 

The abundance and the sociability digits are placed before the 
botanical name of the taxa. The first digit expresses the value of 
the cover degree—abundance scale; the second digit, separated by a 
point from the first one, indicates its sociability value. Attempts 
have been made to devise a vitality scale, but the values have 
hardly been used. Braun-Blanquet (1951) proposed to indicate 
for a plant species, only its flowering or fruiting, if observed at the 
time of plot sampling, and its decidedly reduced vitality in the 
form of an exponent of the sociability numeral (i.e., + .1° = occa- 
sional, growing single, and of reduced vitality). Seedlings are 
marked with “ K ” behind the numerals. With analysis of perma- 
nent vegetation plots during different seasons, periodicity and sea- 
sonal aspects of the plant community can be recorded. 

The plot record may be extended by noting, with their estima- 
tion values between parentheses, additional species of adjacent 
areas within the same homogeneous vegetation patch. Also, obvi- 
ous physiographic features of the habitat—elevation, slope, ex- 
posure, soil type, moisture conditions, position in relation to gen- 
eral topography, grazing conditions and other animal or human in- 
terference, the date of sampling, the plot number and the exact 
cartographic description of the plot location—are added. A vege- 
tation plot sheet is exemplified in Table II. 

Plot analysis is a routine task. When full knowledge of the 
various species has been acquired and the location to be sampled 
has been chosen, this routine work will usually require one half to 
one hour of work per vegetation plot. This compares favorably 
with other methods where analysis of sample plots requires more 
time. Many vegetation plots must be made in order to acquire 
statistically reliable analysis of the plot data and the synthesis of 
associations. 





TABLE Il 


A VEGETATION PLOT SHEET 
(Becking, 1954) 


Plot: 530901 
Date: Sept. 1, 1953 


Habitat: 240 feet elevation—flat topography—sandy soil 
Location: T 13 NR 4 W sect 23 NW of SW quarter 


State: Washington, USA 
Y Tree Layer 
5.18 Pseudotsuga taxifolia 
VY Shrub Layer 


Thuja plicata 
Abies grandis 
Holodiscus discolor 


2{ Herb Layer 


4.2. Gaultheria shallon 
2.18 Polystichum munitum 
1.2 Acer circinatum 
+.1.K Rhamnus purshiana 
3.2  Mahonia nervosa 
1.26* Rubus vitifolia 

1.1 Thuja plicata 


+.2© Vaccinium parvifolium 
+.2 Amelanchier florida 
+.1  Lonicera ciliosa 


4 Moss Layer 


Soil: 

4.3. Hylocomium “ste 
+.2€ Rhytidiadelphus loreus 
2.2€ Eurhynchium oreganum 
1.2 Rhytidiadelphus triquetrus 


Rotten logs: 

4.3€ Rhytidiadelphus loreus 
1.2 Lepidozia reptans 

1.2. Seapania bolanderi 

+.2$ Dicranum scoparium 

+.2_ Lophocolea heterophylla 
2.2© Mnium punctatum 

+.3  Plagiochila asplenoides 
1.2 Plagiothecium undulatum 
+.2 Plagiothecium elegans 
+.2 Calypogeia trichomanis 
+.2 Cladonia fimbriata 


Total cover: 80% 
Maximum height: 40 m 


Total cover: 70% 
Maximum—Minimum height: 1-6 m 


+.2@ Vaccinium parvifolium 
+.2 Rosa gymnocarpa 
+.1 Cornus nutallii 


Total cover: 60% 
Maximum height: 1 m 


+.1@ Trillium ovatum 

+.2 Viola sempervirens 

+.1 Smilacina amplexicaulis 
+.1  Pteridium aquilinum 
+.1* Festuca occidentalis 
+.2* Festuca idahoensis 

+.2 Galium triflorum 

+.1 Rosa gymnocarpa 

+.1  Trientalis latifolia 
(+.1*) Chimaphila menziesii 


Total cover: soil 70%—logs 90%—trees 20% 


Trees: 
+.2€ Claopodium crispifolium (Acer) 
+.2  Porella navicularis (Acer) 

Usnea hirta 

Cetraria glauca 

Cetraria stenophylla 

Parmelia enteromorpha 

Parmelia physodes 

Pertusaria ?multipunctata 

yews abs globosus 
lectoria sarmentosa 

P seudoisothecium stoloniferum 
(Acer) 


+ 99 90 wo wo www oo 
WONeKNNNNN 





*denotes flowering condition 
@denotes fruiting condition 
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Some authors have felt the inadequacy of the proposed estima- 
tion scales of Szafer and Pawlowsky (1927) and Braun-Blanquet 
(1928-1951). They have proposed a more detailed symbol-scale 
of cover degree-abundance and even sociability as a refinement of 
the Szafer-Pawlowsky scale. However, the added complications 
generally do not justify this elaborate procedure for greater ac- 
curacy. The conventional scale has demonstrated its practical use- 
fulness and advantage, particularly by its convenient classes for 
ocular estimations. An exception to this is the proposal of Tuomi- 
koski (1942), whose consistent scale of 10% cover classes may 
prove its usefulness for detailed mathematical analyses. General 
agreement between phytosociologists on these conventional cover 
degree—abundance classes seems to indicate that except perhaps for 
special purposes, no such refinements are needed. A comparison 
of the various proposals for cover degree is contained in Table III; 
and for sociability, in Table IV. 


Synthetic Phase of the ZM-approach 


This phase of vegetation analysis is done in the office after data 


on a sufficient number of vegetation plots have been collected. 
The following discussion deals with criteria and methods used in 
the synthesis of vegetation units. 


SYNTHESIS TABLES. The data of similar sample plots are sum- 
marised in the form of synthesis tables which constitute an objec- 
tive method of checking the accumulated data for homogeneity and 
statistical validity. Such a tabulation of plot data should be started 
as soon as possible, preferably after 25 to 35 plots have been made 
of a community. Such provisional synthesis tables are invaluable 
in improving the subjective choice of future plot locations. In this 
way the selection technique can readily be adjusted after a few 
days in order to collect better and more homogeneous plot mate- 
rial, and to test as soon as possible the hypothetical floristic differ- 
ences in the synthesis tables. 

In a synthesis table (Table V) all species are listed at one side, 
and the plots are listed vertically along the top, every column rep- 
resenting one vegetation plot. In this way species can be checked 
easily for their presence in all vegetation plots simultaneously. It 
permits selection of species characteristic of the community. The 
whole synthesis table can be rewritten many times with improved 
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TABLE IV 
SOCIABILITY SYMBOLS USED IN VEGETATION ANALYSIS AND SYNTHESIS'* 





Braun-Blanquet (1928, 1951) Szczawinsky? after Domin-Krajina 
SzaferPawlowsky (1927) (1953) (1933) 





1—growing solitarily, singly +—growing solitarily, singly 
2——growing in groups, clumps or 1—somewhat grouped, size of 
clusters group until 4 x 4 sq.cm 
3—large groups, clumps or 2—-groups larger, size up to 
clusters; 25 x 25 sq.cm or %~ sq.m 
small scattered patches 3—-group size %-% sq.m or 
4—patches or a broken mat 25 x 50-50 x 50 sq.cm 
5—extensive mat almost completely 4—group size 4-% sq.m 
covering the whole plot area 5—group size 1-2 sq.m 
6—group size about 5 sq.m 
7—group size 25-50 sq.m 
8—group size 100 sq.m 
9—group size 200-250 sq.m 
10—group size at least 500 sq.m 





1Sociability symbols have been used only within the ZM Tradition. 

*Szczawinsky (1953) has given a refined sociability scale, adopted 
from Domin-Krajina (1933), for moss and lichen communities. 

A criticism against the Szczawinsky proposal is that the spacial ex- 
tent of a group must not be expressed in square meters, since group size de- 
pends upon the size of the individual plants constituting the group. A 
single tree with its sociability of 1 may completely cover the plot area, 
while a large group of moss individuals may have a sociability of 3 or 4, 
covering only 10-30% of the plot area. If, however, a finer gradation of 
group sizes is desired, it may be more appropriate to express group size 
relatively as the multiple of the height of the individuals of the group 
instead of by an absolute measure for group size! Individuals touching 
each other form one group. Tress form a single group when a significant 
deformation of their crowns, resulting from dense grouping, is notice 
able. Mature trees with crowns touching each other only incidentally, 
are not considered to constitute a true group. 


grouping (or exclusion) of vegetation plots into one synthesis 
table by vertical rearrangement. Also, species can be rearranged 
into new diagnostic groups if new information suggests doing so 
(horizontal rearrangement). Thus rearrangement, both vertically 
and horizontally, can improve the synthesis table by including only 
vegetation plots of one homogeneous association. This leads even- 
tually to the formation of the so-called “ blocks” of character and 
differentiating species (cf. p. 450) used for distinguishing between 
associations and other vegetation units. If more plots are added 
to such a synthesis table, the grouping of character and differen- 
tiating species can be refined and altered when the added plots 
demonstrate constant floristic differences. 
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TABLE IV 
SOCIABILITY SYMBOLS USED IN VEGETATION ANALYSIS AND SYNTHESIS? 





Braun-Blanquet (1928, 1951) Szczawinsky? after Domin-Krajina 
SzaferPawlowsky (1927) (1953) (1933) 





1—growing solitarily, singly +-—growing solitarily, singly 
2—growing in groups, clumps or 1—somewhat grouped, size of 
clusters group until 4 x 4 sq.cm 
3—large groups, clumps or 2—groups larger, size up to 
clusters; 25 x 25 sq.cm or %.» sq.m 
smal] scattered patches 3—group size %-% sq.m or 
4—>patches or a broken mat 25 x 50-50 x 50 sq.cm 
5—extensive mat almost completely 4—group size 4-% sq.m 
covering the whole plot area 5-—group size 1-2 sq.m 
6—group size about 5 sq.m 
7—group size 25-50 sq.m 
8—group size 100 sq.m 
9—group size 200-250 sq.m 
10—group size at least 500 sq.m 





'Sociability symbols have been used only within the ZM Tradition. 

*Szczawinsky (1953) has given a refined sociability scale, adopted 
from Domin-Krajina (1933), for moss and lichen communities. 

A criticism against the Szczawinsky proposal is that the spacial ex- 
tent of a group must not be expressed in square meters, since group size de- 
pends upon the size of the individual plants constituting the group. A 
single tree with its sociability of 1 may completely cover the plot area, 
while a large group of moss individuals may have a sociability of 3 or 4, 
covering only 10-30% of the plot area. If, however, a finer gradation of 
group sizes is desired, it may be more appropriate to express group size 
relatively as the multiple of the height of the individuals of the group 
instead of by an absolute measure for group size! Individuals touching 
each other form one group. Tress form a single group when a significant 
deformation of their crowns, resulting from dense grouping, is notice 
able. Mature trees with crowns touching each other only incidentally, 
are not considered to constitute a true group. 


grouping (or exclusion) of vegetation plots into one synthesis 
table by vertical rearrangement. Also, species can be rearranged 
into new diagnostic groups if new information suggests doing so 
(horizontal rearrangement). Thus rearrangement, both vertically 
and horizontally, can improve the synthesis table by including only 
vegetation plots of one homogeneous association. This leads even- 
tually to the formation of the so-called “ blocks” of character and 
differentiating species (cf. p. 450) used for distinguishing between 
associations and other vegetation units. If more plots are added 
to such a synthesis table, the grouping of character and differen- 
tiating species can be refined and altered when the added plots 
demonstrate constant floristic differences. 





TABLE V 
PART OF A SYNTHESIS TABLE OF FOUR ASSOCIATIONS IN TWO ALLIANCES” 


The Rectangular Areas Indi the Diagnostic Character and Differentiating Species 
Used in Characterizing the Associations (Becking, 1954). 











PP-alliance 





PPa-association PPm-association 





Plot number 
Becking (1953) 


531008 








date 

elevation ft. 
slope aspect 
slope degrees 
DF site index 
DF age yrs. 
microtépography 


TREE LAYER 

height (m) 

cover (%) 

P seudotsuga taxifolia 
Tsuga heterophylla 
Thuja plicata 

Abies grandis 

Pinus monticola 





8a 18a 


rites 


HERB LAYER 
height 

cover (%) 
Gaultheria shallon 


Polystichum munitum 

Galium triflorum 

Goodyera decipiens 

Luzula parviflora 

Mahonia nervosa 

Rosa gymnocampa 

Rubus vitifolia 

Trientalis latifolia 

Trillium ovatum +.2@ 
Thuja plicata +.1 

1.1K 
log 
+.2 
log 


+ 
tioeYotse 
% @n+an nS 
+ + wom = 

@nnnn 84 


++wn 

x FY 
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+ 
reetetnriy 
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+ 
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Tsuga heterophylia 


+ 
nN 
+ 


Vaccinium parvifolium 


= 
—k 
o 
w 


Viola sempervirens 


+ 
+ 
N 


PP-alliance Character 
Species 

Actaea arguta +.29 

Adiantum pedatum 12Q +.1 

Asarum caudatum +.29 3.29 3.3*@ 

Melica subulata +.2* 

Ribes lacustris 














GP-alliance Character 
Species 

Chimaphila menziesii 

Chimaphila umbellata 

Hypopitys monotropa 

Pyrola asarifolia 
(aphylla) 

Pyrola picta (aphylla) 

Rubus nivalis 


Montane Indicator 
Species 

Abies amabilis +.1 

Clintonia uniflora 2.2° 1.1 





Corus canadensis . +.2* 2.29 
Menziesia ferruginea 
Rubus pedatus . . 
Vaccinium alaskaense e . +.2@ 
lo 


Vaccinium ovalifolium . " = 














* Lack of alignment in this Table where there are asterisks was necessitated by the desirable 
avoidance of making the Table a dozen spaces wider and the type correspondingly smaller, ap- 
proaching illegibility, in order to place it on one page. 





TABLE V (Continued) 





GP-alliance 





GPc-association 


GPm-association 





Plot number 
Becking (1953) 


ro | 5309P130 


5305P113 





date 

elevation ft. 

slope aspect 

slope degrees 

DF site index 

DF age yrs 

microtopography 

TREE LAYER 

height (m) 35 
cover (%) 80 
P seudotsuga taxifolia 4.1 
Tsuga heterophylla 

Thuja plicata 

Abies grandis 


— al 
«231188 
23118. 5309P 125 


“se 
+ ta 
ae 





Pinus monticola * 





Gaultheria shallon 


Polystichum munitum 
Galium triflorum 
Goodyera decipiens 
Luzula parviflora 
Mahonia nervosa 
Rosa gymnocarpa 
Rubus vitifolia 
Trientalis latifolia 
Trillium ovatum 
Thuja plicata 


Tsuga heterophylla 


Vaccinium parvifolium 
Viola sempervirens 


PP-alliance Character 
ecies 

Actaea arguta 

Adiantum pedatum 

Asarum caudatum 

Melica subulata 

Ribes lacustris 


GP-alliance Character 
Species 


yo @v 
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+ 
+. 
+. 
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+ + +¢tetn 
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Chimaphila menziesii 

Chimaphila umbellata 

Hypopitys monotropa 

Pyrola asarifolia 
(aphylla) 

Pyrola picta(aphylla) 

Rubus nivalis 








Montane Indicator 
Species 
Abies amabilis 
Clintonia uniflora 
Cornus canadensis 
Menziesia ferruginea 
Rubus pedatus 
Vaccinium alaskaense 


Vaccinium ovalifolium 
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TABLE V (Continued) 


PP-alliance 
PPa-association PPm-association 











Plot number 
Becking (1953) 








Pyrola secunda 
Xerophyllum tenax 


PPm-Character Species 


Luszula piperi 
Dryopteris linnaeana 
Listera convallaroides 
Streptopus curvipes 


Moisture Indicator 
Species 


Dentaria tenella 
pe marta +. 2.2*@ 
ly um te es} 2.2 1,2* 

Montia sibirica hd 1.2®@ 2.2 
horridum +.1* 

Oxalis oregana 5.4@ 5.5* 

Ribes divaricatum 

Tellima grandiflora 





























— ~ Microtopography: 
1 = lower part of slope 
m = middle part of slope 
r = upper part of slope or ridge 
In this empirical science, experience with and observation of the 
vegetation pattern and environment can not be synthesised into 
one magical formula of how to select the best diagnostic species 
groups for characterisation of vegetation units. However, the ex- 
perienced phytosociologist can soon work out a tentative classifica- 
tion for regional use, based upon such diagnostic species groups. 
A more fool-proof classification will be achieved only after many 
years of research in adjacent regions. . Some simple mathematical 
or statistical outline, by which the diagnostic species may be se- 
lected from a number of vegetation plots, is still lacking. 


PRESENCE AND CONSTANCY CONCEPTS. The criterion for the 
homogeneity of any plant community is the presence (constancy ) 
of certain species. Fundamentally there is little or no difference in 
these concepts. If a definite number of vegetation plots is com- 
pared in a synthesis table, presence (constancy) can be calculated 





ZURICH-MONTPELLIER SCHOOL OF PHYTOSOCIOLOGY 441 


TABLE V (Continued ) 
GP-alliance 
GPc-association GPm-association 











Plot number gS 
Becking (1953) 3 
Ne) 


5306P 115 
531001 
5305P 113 








Senet Species 


Pyrola minor 
Pyrola secunda 
Xerophyllum tenax 


PPm-Character Species 
Luzula piperi 
Dryopteris linnaeana 
Listera convallaroides 
Streptopus curvipes 


Moisture Indicator 
Species 

Dentaria tenella 

Dicentra formosa 

Hydrophylium tenuipes 

Montia sibirica 

Oplopanax horridum 

Oxalis oregana 

Ribes divaricatum 

Tellima grandiflora 


3 





— + 
333 
+ 
ney 

















Legend of Microtopography: 
f = flat 
1 = lower part of slope 
m = middle part of slope 
rt = upper part of slope or ridge 


as the observed occurrence of the species expressed as a percentage 
of the total number of compared vegetation plots. 

Presence (Ge: Stetigkeit, Prasenz; Fr. présence) can be calcu- 
lated from any number of vegetation plots, regardless of their dif- 
ferences in size, but plots of different size can not be exactly com- 
pared with each other. When vegetation plots of equal size, one 
or a few in each phytocenose, are compared for species occurrence, 
the obtained presence is then called the “ constancy” (Ge: Kon- 
stanz; Fr: constance) of the species. The frequency (Ge: Fre- 
quenz; Fr: fréquence) is more an analytic criterion than a syn- 
thetic one. It is the occurrence of a species on small sampling 
points, randomiy or systematically distributed within one phyto- 
cenose, expressed as a percentage of recorded occurrence (pres- 
ence) of the species with reference to the total number of such 
small sampling points. Frequency is the occurrence of a species in 
one concrete phytocenose, while presence and constancy are deter- 





442 THE BOTANICAL REVIEW 


mined at least from a number of phytocenoses of different and 
often widely distributed localities. 

The following percentage classes for presence or constancy are 
generally used: 


Class O-absent 
I - present in less than 20 per cent of the 
compared plots 
II — present in 20 to 40 per cent of the plots 
III — present in 40 to 60 per cent of the plots 
IV — present in 60 to 80 per cent of the plots 
V —present in 80 to 100 per cent of the plots 


Species observed outside the actual plot area but included in 
parentheses in the plot records are also counted for species pres- 
ence and constancy. 


AVERAGE COVER DEGREE AND CHARACTERISTIC COVER DEGREE. 
Statistical summation of estimated cover degree-abundance nu- 
merals caused the development of quantitative standards in calcu- 
lating the average of these values and symbols. Recent proposals 
for the numerical substitution values of the standard symbols of 


the combined cover degree—abundance scale are compared in Table 
VI. 

It is evident from this table that the various symbols of the con- 
ventional cover degree—abundance scale do not represent equal in- 
creases in cover percentage. Particularly the first symbols com- 
prise a finer gradation in cover, with emphasis upon species 
abundance, whereas the subsequent symbols consider only cover 
increase. In the author’s opinion it seems to be best to use the 
simple numerical values of Schwickerath (1931) in calculating the 
average cover degree of one or a group of species. The advantage 
of Schwickerath’s numerals is that he considers species’ abundance 
more than any of the other proposals. If, for instance, one domi- 
nant species with a cover degree of 5 is found once in a series of 
ten vegetation plots, its average cover degree would be 8.75 ac- 
cording to Etter (1949) and Tiixen and Braun-Blanquet (1946), 
and 0.5 according to Schwickerath (1931). If, on the other hand, 
a group of 85 species are constantly present in all ten plots but 
with a cover degree value of only +, this joint group will be evalu- 
ated for its average cover degree according to Tiixen and Braun- 
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TABLE VI 


NUMERICAL VALUES USED IN SUBSTITUTION FOR COVER DEGREE— 
ABUNDANCE SYMBOLS 





Symbols of the 
standard scale Schwickerath Tuxen and Braun-Blanquet Etter 


Ellenberg 
(Braun-Blanquet (1931) (1946) (1949) 
1928) (1937) 





Vv Va Vv Va 


V V 


n— 1 n-1 


0 0 
0.25 0.1 . 1.0 
4.00 25.00 , 10.00 
1.0 2.5 5.0 10.0 
2.00 6.00 3.50 2.00 
2.0 15.0 17.5 20.0 
1,50 2.50 2.14 1.88 
3.0 37.5 37.5 37.5 
1.33 1.67 1.67 1.67 
4.0 62.5 62.5 62.5 
1.25 1.40 1.40 1.40 
5 5.0 87.5 87.5 87.5 


V = numerical! values used in substitution for cover degree—abundance 
symbols of the standard scale. 


Va 








= the relative increase in numerical values from the preceding 


“1 

symbol (V,-}) to the following symbol (V,) expressed as a quotient. 
Example: (Schwickerath, 1931) Relative value increase from symbol + 
(value Va—1 = 0.25) to symbol 1 (value V, = 1.0) expressed as the quotient 


Vv, _ 1.0 


—— = —— = 4,00. 
, a 


Blanquet only as 8.5! The value of this group of 85 constant spe- 
cies is still smaller than 8.75, being the value of one dominant spe- 
cies of a single plot. The values which Etter (1949) proposed 
give more significance to the group of 85 constant species, i.e., 85.0 
versus 8.75. According to Schwickerath’s proposal (1931), a far 
greater significance is attributed to the group of 85 constant spe- 
cies in comparison to the one dominant species of a single plot, 
namely, 21.25 versus 0.5. 

The concepts of the average cover degree and characteristic 
cover degree are useful synthetic criteria for comparison of closely 
allied associations and sub-associations. If in a synthesis table of 
n vegetation plots one species or a group of species is present in p 
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plots, with a total cover degree value c, its average cover degree 
(Fr: quantité moyenne) is expressed by c/n; its characteristic 
cover degree (Fr. quantité caractéristique) by c/p (Etter, 1949). 


FIDELITY CONCEPT. The fidelity concept is of prime impor- 
tance for the ZM School. It is based upon the strong preference 
of certain species for particular communities. Every species has a 
potentially much wider ecological amplitude than is actually found 
in nature. The amplitude is narrowed down by competition with 
other species, and a species can survive only in a limited number of 
its potential (usually optimal) habitats (Ellenberg, 1952, 1954). 
Consequently, plant species needing specific habitat requirements 
for their persistence, demonstrate generally definite and selective 
preference for certain communities. Such selective species are of 
great diagnostic value for the characterisation of a community; 
they are called “ character species ”. 

The historical concept of character species in a community can 
be traced back to Lorenz (1858), Beck-Mannagetta (1893) and 
Brockmann-Jerosch (1907). Gradmann (1909) described as 
“leading species” (“ Leitpflanzen”) those occurring exclusively 
within “ specific vegetation formations”. It has been the great 
contribution of Szafer-Pawlowsky (1927) and Braun-Blanquet 
(1928) that they have clearly defined species fidelity. Particu- 
larly, Braun-Blanquet (1928) used it for the distinction between 
associations and the phytosociological nomenclature. 

In fulfilling the need to attribute some diagnostic value to all 
plant species for the ultimate synthesis of vegetation units, it is 
convenient to record species groups in the form of fidelity classes 
(degrees). By comparison of synthesis tables such groups can be 
tested for their reliability in indicating certain plant communities. 

At this point it may be useful to compare the concepts of pres- 
ence (constancy) and of fidelity. If a species occurs in a large 
percentage of a number of plots, it will show a high presence (con- 
stancy) class for the community represented by the compared 
plots. Ifa species is restricted to plots of one community (vegeta- 
tion unit), it will show a high fidelity for said community (vege- 
tation unit), and it is a faithful (community-specific) species. 
Presence (constancy) and average or characteristic cover degree 
can be determined from any set of vegetation plots. However, 
fidelity can be determined only if a sufficiently wide array of differ- 
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ent plant communities has been sampled and compared. If only 
local or regional vegetation has been analysed for such comparison, 
it may be appropriate to attribute only limited (local) value to 
such character species. 

Because fidelity and presence are two completely independent 
values, they are not correlated. Plant species with a high presence 
in one community but with the same degree of presence in another 
community, are generally characteristic of neither of these com- 
munities. On the other hand, species of low presence degree 
(either common or relatively rare) in one community, but lack- 
ing from or much rarer in other communities, may be considered 
character species of the former community. From these examples 
it will be evident that character species under certain conditions 
may have high and low presence values in a community for which 
they have character value. 

A constant species (presence V) usually will be a common spe- 
cies not restricted to one or a few communities. It may be a domi- 
nant or a sparsely distributed species of insignificant cover. A 
faithful species is usually an uncommon non-dominant species with 
restricted distribution. In certain pioneer communities the faith- 
ful species will usually be a dominant and constant species, e.g., 
Schoenus nigricans in the association Schoenetum, and Carex ex- 
tensa in the Caricetum extensae. However, in well developed 
communities with complex stratification, character species are in- 
conspicuous and often rare. Only character species of vegetation 
units of highest classificatory rank (order, class) are the more 
common and often locally dominant species. 

The fidelity class (degree) (Ge: Gesellschaftstreue; Fr: fidél- 
ité) is the degree to which a species demonstrates its preference 
for a specific community. It is calculated according to the pro- 
posal of Szafer-Pawiowsky (1927) and Braun-Blanquet (1928- 
1951), considering its presence, abundance, dominance, sociability 
and vitality in the community compared with corresponding values 
in other communities. The five fidelity classes (degrees) distin- 
guished are shown in Table VII. 

8 Fidelity refers not only to the presence of a species in a community but 
also to the average cover degree and vitality of the species. Therefore, a 
species with equal presence in two communities can still be a character spe- 
cies for one of the two if its average cover degree and vitality in that one 


community are significantly higher than in the other. Such a species is then 
called a “preferential (character) species” (cf. p. 446). 
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TABLE VII 
QUALITATIVE FIDELITY CLASSES OR DEGREES 


(1) CHARACTER SPECIES 
(Ge: Charakterarten, Kennarten) 
(Fr: Espéces caractéristiques) 
Fidelity Class 
V—Plant species exclusively or almost exclusively restricted to 
certain vegetation units (Exclusives) 

(Ge: treue Arten) 
(Fr: espéces exclusives) 


IV—Plant species with strong preference for a specific vegetation 
unit but also occurring in other vegetation units; however then 
it occurs sparingly, infrequently or rarely 

(Selectives) 
(Ge: feste Arten) 


(Fr: espéces électives) 


III—Plant species often occurring in other vegetation units but with 
their optimum definitely in one vegetation unit 
(Preferents) 
(Ge: holde Arten) 


(Fr: espéces preferentes) 
(2) COMPANIONS 
(Ge: Begleiter) 
(Fr: companions) 
II—Plant species without any definite preference for certain vee 
etation units Indi fferents) 
(Ge: vage Arten) 
(Fr: espéces indifferentes) 
(3) STRANGERS 
I—Plant species rare or accidental in the studied vegetation unit, 
an invading or relict species from other successional plant 
communities. These species usually have their definite opti- 
mum outside the considered vegetation unit 
(Strangers) 
(Ge: fremde Arten) 


(Fr: espéces étrangéres) 

The foregoing definitions of fidelity class (degree) are all quali- 
tative. Since they are of little practical use in the synthesis of 
vegetation units from synthesis tables, a quantitative outline 
(Table VIII) has been worked out for statistical determination of 
the fidelity class. It is taken from Szafer-Pawlowsky (1927) and 
Braun-Bianquet 1928, 1951: p. 96), and slightly modified. 

From Table VIII it appears that presence, cover and vitality of 
species are the determinant factors for the fidelity class. The out- 
line seems to be complicated, yet it has been carefully constructed, 
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TABLE VIII 


FIDELITY DETERMINATION OF PLANT SPECIES WITH ABOUT 
EQUAL VITALITY AND SOCIABILITY 


P = average presence (constancy) class of species per vegetation unit. 
D = average cover degree—abundance value of species per vegetation unit. 
Vitality = the vigor of a plant species in performing its vegetative and 


reproductive life cycle as well as its rate of growth and competition 
power within the phytocenose or population. 


(a) in the vegetation unit 
(association) under consideration 


Fidelity Class: V 
P 


P 


(b) in the floristically closest related 
vegetation unit. (association) 


D 


absent or only rarely present 


4-5 


Fidelity Class: IV 


1 
1-2 
1 


2-3 
3-4 


2-3 
1-2 (3) 


+=-2 
+-1 
+-2 


+-2 

+-1 (as relict 
or pioneer 
species) 

+=1(2) 

+=1(2) 


considerably lower 


usually lower 
values than in (a) 


values than 
in (a) 
Fidelity Class: III 
+=-2 
1-5 1-5 
identical as in (a) 
lower values than 
in (a) 


lower values 

than in (a) 

vitality 

reduced 

Fidelity Class: II 

P, D and Species Vitality in (a) and (b) about the same 

Fidelity Class: I 
] +-1 higher values in 

Only present in non-homogene- other vegetation 

ous or disturbed (atypical) units 

spots; or rarely present in 

transitional vegetation 


as has been proved by the fact that it has been used without modifi- 
cation since 1927. 

Distinction can be made between sociological fidelity and eco- 
logical fidelity (Schwickerath, 1931, 1933; Duvigneaud, 1946; 
Ellenberg, 1948, 1950, 1952; Becking, 1954), corresponding, re- 


higher values 
in other vege- 
tation units 
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spectively, with character and indicator species. The term “ indi- 
cator species ” has been used in Anglo-American ecology for spe- 
cies indicative of some environmental factor complex. If such a 
complex is of decisive importance for the vegetation unit, the indi- 
cator species will be identical with the character species. But in 
general, indicator species are not character species for vegetation 
units. Therefore, the term “ character species ” will be limited ex- 
clusively to species characterising vegetation units (sociological 
fidelity). Similarly, the ecological fidelity will be indicated by in- 
dicator species typical for specific ecological factors, e.g., grazing, 
soil fertility, soil moisture and elevation). In such an analysis, for 
instance, for elevation indicator species (Becking, 1954), all vege- 
tation plots studied, regardless of their taxonomical units, have 
been grouped into elevation ranges of 0-500 m., 500-1000 m., 
1000-3000 m., and above 3000 m. elevation. Elevation indicator 
species are subsequently tested for their ecological fidelity, exactly 
in the same manner as the character species for their sociological 
fidelity. According to altitudinal preference, lowland, montane, 
subalpine and alpine indicator species can be distinguished. In the 
same manner moisture gradients, according to local topography, 
soil type variations, soil fertility and site quality classes of vegeta- 
tion plots, can be analysed for indicator species. 

In summary the following conclusions on character and indi- 
cator species can be given: 

a) The term “ character species ” should be reserved for species 
used in the classification of vegetation units corresponding with 
their sociological fidelity, whereas the term “indicator species ” 
should be used only for species indicative of specific ecological fac- 
tors corresponding with their ecological fidelity. 

b) The importance and diagnostic value of each character and 
indicator species will always be relative. All degrees of fidelity 
(preference) will exist. Most character and indicator species are 
of reliable diagnostic value only within geographical limits (re- 
gions), and their character and indicator value can not be extended 
without bias beyond these limits. 


The Phytosociological Nomenclature of the ZM School 


The association is the fundamental vegetation unit of the ZM 
School upon which all classification and hierarchy of vegetation 
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units have been based. It is standard practice to give the vegeta- 
tion units single or double names composed of the Latin generic 
names of the component species or lower taxa. This capitalised 
name terminates in a specific ending, according to its hierarchical 
rank in phytosociological nomenclature. In keeping with accepted 
practice, it is not necessary to add epitheta specifica of the species 
to the name of the vegetation unit, so long as such omission does 
not lead to confusion of the species’ identity. Epitheta specifica, 
when added to the names of vegetation units, are always given in 
the genitive singular and not capitalised. The addition which 
names a subassociation follows the complete association name, and 
it, too, is not capitalised. It is recommended that the author’s 
name and the year of description be added to these names of vege- 
tation units. It is further recommended that only Latin botanical 
names of species or lower taxa be used for the characterisation 
of vegetation units, not ecological or geographical suffices. In 
some cases an ecological or geographical prefix has been intro- 
duced before the Latin species name, i.e., Xero-brometum. 

For standardisation in phytosociological nomenclature, the fol- 
lowing endings are accepted to indicate each vegetation unit’s syn- 
systematic rank : 


For the subassociation (Ge: Subassoziation; Fr: sous-associ- 
ation) -etosum 

For the association (Ge: Assoziation; Fr: association) -etum 

For the alliance (Ge: Verband; Fr: alliance) -ion 

For the order (Ge: Ordnung; Fr: ordre) -etalia 

For the class (Ge: Klasse; Fr: classe) -etea 


Example: The name “ Polysticheto-Pseudotsugetum asareto- 
sum” designates the subassociation of the sword fern (Polysti- 
chum munitum (Kaulf) Presl.) and Douglas-fir (Pseudotsuga 
taxifolia (Poir) Britt.) association, characterised by and named 
after wild ginger (Asarum caudatum Lindl.). 


Historical Trend in Diagnostic Species Evaluation 


The use of character species for distinction of vegetation units 
has been criticized since its original proposal by Braun-Blanquet 
(1913). Many commentators have contributed negative criticism 
without considering the merits of this fidelity concept. Opposi- 
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tion concerning the use, or, better, the misuse of character species 
(Drude, 1919; Gams, 1939; Wangerin, 1925) was encountered 
up to 1940, but since 1950 no European criticisms have been found 
by the author. Gams (1939) criticized the diagnostic value of 
character species, arguing that the range of a proposed association 
character species is little known, and in a few cases is known to be 
non-coincident. If such proposed character species are found out- 
side the range of the association, they can no longer be of character 
value for the association. Toa certain degree the criticism of Gams 
(1939) is justified. In the historical development of phytosoci- 
ology, gradual decrease of absolute exclusive character species is 
quite evident. The same difficulties were understood also in the 
ZM School, and phytosociologists have, therefore, narrowed down, 
primarily geographically, the diagnostic value of character species. 

Originally three categories of diagnostic species were distin- 
guished according to the scale of Szafer-Pawlowsky (1927) and 
Braun-Blanquet (1928) : 

a) Character Species: species of higher plants, bryophytes and 
lichens used in the distinction of vegetation units because of their 
exclusive preference for certain vegetation units (Fidelity Classes: 
V, IV and III). 

b) Companions (Accompanying Species) : species equally abun- 
dant in other vegetation units, regardless of their presence in the 
vegetation unit concerned (Fidelity Class: II). 

c) Strangers (Accidental Species) : species with distinct optima 
in vegetation units other than the unit under consideration. They 
are generally rare and of signficantly reduced vitality, but some- 
times they have a rather high presence in the vegetation unit con- 
cerned, e.g., as a relict of a preceding community. Ammophila 
arenaria Link. of beach dunes may, for example, occur with high 
presence as a relict in the coastal shrub communities of the older 
inland dunes, but with significantly reduced vitality ; it never flow- 
ers and usually is poorly developed (Fidelity Class: I). 

Gradually the concept of character species (fidelity V, IV and 
III) has been enlarged by necessity. The various new concepts of 
character species are: 


ASSOCIATION CHARACTER SPECIES. Originally it was believed 
that character species are almost completely restricted to one single 
association or to a group of allied associations, their different de- 
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grees of fidelity falling into fidelity classes V, IV or III in descend- 
ing order of exclusiveness (exclusive, selective and preferential 
character species). However, since more results of phytosocio- 
logical research have been published in many other European coun- 
tries, this absolute validity of character species for single associa- 
tions or even for alliances has been severely weakened. It became 
very difficult to distinguish exclusive association character species 
or even alliance character species valid for all Europe, while the 
number of selective preferential character species and companions 
was still increasing (Oberdorfer 1953). Consequently it has been 
recognised that the diagnostic value of every character species is 
more limited than was originally thought. 


Example: association a b c d 
Presence of species X V II I I 


Species X will be an association character species of association a. 


CHARACTER SPECIES FOR THE HIERARCHY OF VEGETATION UNITS. 
The concept of (association) character species for basic communi- 
ties (associations) represented in vegetation by concrete phytoce- 
noses, has been equally applied to alliances, orders and classes, i.e., 
to abstract hypothetical vegetation units of higher classificatory 
rank, When several associations are grouped into one alliance be- 
cause of their floristic similiarity, a new category of alliance char- 
acter species for the order and the class has to be discovered among 
the species assemblages of the basic communities for proper de- 
scription of this vegetation unit (alliance). All degrees of restric- 
tion or exclusiveness must be recognised, just as in association 
character species. 

Example: alliance A 
association a eb 


c 
Presence of Species X III V IV III II 


Cc 
4 
ip ee 


B 
d es fie h 
I “y 


I 
Species X will be an alliance character species of alliance A. 


TRANSGRESSIVE CHARACTER SPECIES. Transgressive character 
species (Ge: tibergreifende Charakterarten; Fr: espéces carac- 
téristiques transgressives) are species with an “ overlapping ” char- 
acter value. Ifa species is present in all the associations of one al- 
liance, A, but less present in or absent from other alliances, B, C, 
etc., it will be of character value for alliance A. However, it may 
still be an association character species for a single association, b, 
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within alliance A. Such a species will be called a transgressive 
(character) species for the other associations of alliance A, being 
simultaneously an alliance character species. Thus a transgressive 
species has character value for vegetation units of different syn- 
taxonomic rank (association versus alliance). 


Example: alliance A 
association a b ec d 
Presence of Species X III V III III 


B 

f{ g h i 1 m 
a 8 ae - I 
Species X is an alliance character species for alliance A, being at 
the same time an association character species for association b and 
a transgressive character species for the associations a, c and d. 


GEOGRAPHICAL CHARACTER SPECIES. The geographical limita- 
tion of diagnostic value of character species has resulted in recog- 
nition of three new groups of character species: absolute character 
species, regional character species and local character species. 

Braun-Blanquet and Moor (193%) originally regarded as re- 
gional character species, those that are definitely limited to the 
range of distribution of the association and are never present out- 
side that range. In this sense they are identical with absolute char- 
acter species in the accepted modern meaning of the latter term. 
A local character species is a faithful species for one association 
and for only a certain part of the association’s range, having lim- 
ited distribution within that association’s range. However, this 
same species may be a character species for other associations but 
in another region outside the previous region or range of the as- 
sociation, or it may be an indifferent species without classificatory 
value for another region. An association character species has 
been defined as a species faithful in the total range of its associa- 
tion but which may be present outside the total association range, 
with significantly reduced vitality and sparingly distributed. 

Meltzer and Westhoff (1944) have not followed Braun-Blan- 
quet’s proposal (1938) and have defined a regional character spe- 
cies as one faithful only in a part of the association range. The 
local character species is more locally (geographically) limited in 
its character value for the. association. 

Braun-Blanquet (1951) has defined a regional character species 
as one of character value in geographically large regions. Terri- 
torial character species are of character value in a large area for a 
number of allied associations (vicariants) in different parts of the 
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region. Local character species have character value only within 
geographically small and limited parts of the association range. 
Fundamentally there is a difference only in geograhical extent be- 
tween regional, territorial and local character species. 

Meijer Drees (1951) has tried to overcome this confusion in 
terminology of geographically limited character species. He has 
redefined the regional character species as a species characteristic 
of the entire range where vegetation unit and character species oc- 
cur in common. His definitions of con-regional, intra-regional, 
circum-regional and para-regional character species are dependent 
upon the reiative size and position of the distribution ranges of 
vegetation unit and species. In the con-regional character species 
the range of vegetation unit and species coincide (Fig. B-1). In 
intra-regional character species the range of the species lies com- 
pletely within the range of the vegetation unit (Fig. B-2). In 
circum-regional character species the total range of the vegetation 
unit lies within the range of the character species (Fig. B-3). In 
para-regional character species the ranges of vegetation unit and 
species only partly overlap each other (Fig. B-4). 

A local character species has been defined also as one charac- 
teristic of only a part of the total range where vegetation unit and 
species occur in common, with similar distinctions in con-, intra-, 
circum- and para-local, 

The present author considers the classifications of Meijer Drees 
(1951) elucidating but he has deviated from it by trying to corre- 
late the generally accepted terms and concepts of absolute, regional 
the local character species, as illustrated in Fig. C.* 

The presence of a species in a vegetation unit is considered to be 
of paramount importance above differences in species dominance 
and vitality. In Fig. C character species and companions are spe- 
cies which have one character value for the same vegetation unit 





4In the character value of Character Species and Companions, three dis- 
tinctions “in its space” of “local”, “regional” and “absolute” character 
value can be made according to the relative size of the common range of 
vegetation unit and species as compared to the total range of the vegetation 
unit. In the distinction of “local”, the size of this common range is 10- 
50% of the total range of the vegetation unit, in “ regional” 50-90%, and in 
“absolute” 90-100%. From the above figure an absolute character species 
(no. 17-21) can be distinguished with the decreasing fidelity of V, IV and 
III, but also an absolute companion (no. 5-6) of fidelity II. Other com- 
binations of local, regional and absolute character species and companions 
can be composed from the above. 
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Fic. B. Regional vs. Local Character Species, according to Meijer Drees 
(1951). In Regional Character Species the species is characteristic for the 
total range in which a vegetation unit and a species occur in common. In 
Local Character Species the species is characteristic for only a part of that 
common range. The distinction between “con”, “intra”, “circum” and 
“para” has been based upon the position and the relative sizes of the ranges 
of vegetation units and species. 
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Fic. C. Character Species are distinguished from Companions according 
to the fidelity of the species for the vegetation unit under consideration. 
The Character Species of this diagram are in the fidelity classes V, IV and 
III, and the Companions in the fidelity class II, which fidelity numerals are 
inserted in the common range of species and vegetation unit. 
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in 90-100% of the total common range of vegetation unit and 
species. According to the present author it is inconceivable that 
one species may have two kinds of character value for the same 
vegetation unit within the common range of vegetation unit and 
species (cf. local character species sensu Meijer Drees, 1951). 
Character species and companions must have only one character 
value within a common range. In determining this character value 
of a species, the total range of the species as well as of the vegeta- 
tion unit has to be considered, and it will be valid for the total com- 
mon range of species and vegetation unit. 

Species fidelity reflects the selective preference of a species for a 
specific vegetation unit. Therefore, fidelity has been defined ac- 
cording to the size of the common (character) range of vegetation 
unit and species expressed as a percentage of the total species 
range. The following standards for fidelity are recognized in Fig. 


C: 


Ct : Common range of species Remainder of total 
acter Species and vegetation unit species range 


Fidelity V 0-10% 
IV 


10-25% 
III 50-75% 25-50% 


Companions 

Fidelity II 5-50% 50-95% 
Incidental Species 

Fidelity I 0-5% 95-100% 


The distinction between absolute, regional and local character 
value of a species refers to the total range of the vegetation unit; 
it can be equally applied. to character species and to companions. 
The territorial extent of a vegetation unit and of a species is ex- 
pressed as a percentage class of the total range of the unit. The 
following standards for absolute, regional and local character value 
of a species have been established : 


Common range of species Remainder of total 
Character value and vegetation unit vegetation unit range 


Absolute 90-100% 0-10% 

Regional 50-90% 10-50% 

Local 10-50% 50-90% 
Absolute Character Species. Rare endemic species completely 
restricted to isolated relict habitats are examples of this category. 
Another is the Violetum calaminariae (Schwickerath, 1931) in 
zinc-soil vegetation, in which Thlaspi alpestre L. var. calaminare 
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Lej. is an absolute character species (cf. Platt, 1951; Whittaker, 
1954). 

Regional Character Species. Examples are character species re- 
stricted to climatologically limited regions. In the forest associ- 
ations of the Quercetalia roboris-sessiliflorae of Central Europe, 
Ilex aquifolium, Luzula lusuloides and Pulmonaria officinalis are 
character species within the subatlantic region. 

Local Character Species. Examples are the numerous associa- 
tion character species characteristic only within a mountain district, 
valley or plain. 

It may be appropriate to point out that the actual ranges of spe- 
cies and vegetation unit have to be considered. It often occurs 
that within a geographical region, species distribution may be con- 
fined to a fraction of the regional extent, limited to the territorial 
extent of suitable habitats, which equally applies to the vegetation 
unit range. Determination of surface area of such dissected ranges 
of species and vegetation units may be not feasible, and if it is un- 
dertaken it must be based on the concordant occurrence of species 
and stands of the association distributed evenly over the whole geo- 
graphical region. 


The same botanical species (taxon) can have different diagnostic 
and character values in the characterisation of different vegetation 
units. In its optimal range the species may be not more than an 
accompanying species of relatively low fidelity (II) for an associ- 
ation coinciding with this species optimum. However, on the 
fringe of its species range it may have a very significant diagnostic 
value in the characterisation of certain vegetation units. 


DIFFERENTIATING SPECIES. The preceding categories involve 
only character species of fidelity classes V, IV and III. However, 
among the companions of fidelity class II, especially among the 
constant companions, many species still have good diagnostic value 
for the distinction of vegetation units. A differentiating, or dif- 
ferential, (Ge: Differentialart, Unterscheidungsart, Trennart; Fr: 
espéce différentielle) is a species which, because of its definite 
preference, distinguishes one of a group of vegetation units. It 
may occur equally or even more frequently in other vegetation units 
which correspond with its relative low fidelity class ITI. 

Example: alliance A B 


C 
association a b c e d f oe i 
Presence of species X I I III (ie See YY. v. ¥ 
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Species X is a differentiating species for the association c within 
the alliance A, but it occurs equally or even more frequently in the 
alliances B and C. i 

Differentiating species are generally used to distinguish sub-as- 
sociations and variants of associations. Recently they have been 
well applied to associations, and in principle there is no objection 
to their use for even higher vegetation units in combination with 
character species. 


CHARACTERISTIC SPECIES COMPOSITION. Finally, any vegetation 
unit is charterised not only by its character and differentiating spe- 
cies but also by its characteristic species composition. The char- 
acteristic species composition (Ge: Charakteristische Artenver- 
bindung; Fr: ensemble spécifique, ensemble normal) is the total- 
ity of all character species (fidelity III, IV, V), differentiating 
species (fidelity II), constant companions (fidelity II, presence V ) 
and accidental species (fidelity I). In this the emphasis is shifted 
from a particular group of species with character value for the com- 
munity to the community’s entire species composition, in terms of 
several groups of species with different ecological (indicator) and 
sociological (character) values. When the regional vegetation is 
well known, there will be hardly a group of accidental species, since 
all species can be grouped into diagnostic groups. 

The characteristic species composition typifies exclusively the 
abstract plant community—it is always an abstraction. The floris- 
tic inventory of the concrete phytocenoses will contain characteris- 
tic species as components of this abstract composition. 


IBM Codification as a Substitution of Synthesis Tables 


The author has undertaken preliminary research in adapting the 
many-fold capabilities of IBM machines for statistical synthesis of 
species combinations from vegetation plots by means of correla- 
tion of their concordant occurrence. Large-scale IBM codifica- 
tion has not yet been tried, but the author is convinced of its po- 
tential value for phytosociological research. It has already been 
demonstrated that IBM codification with punched cards will give 
invaluable help in the determination of species fidelity and of char- 
acteristic species composition of communities. Time-consuming 
techniques of reorganizing and rewriting extensive synthesis tables 
can be reduced to several hours of work by efficient and simple 
codification of plot data on punched cards. The greatest advantage 
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of IBM codification is that almost unlimited numbers of vegetation 
plots can be compared within one single analysis, which would be 
almost an impossibility otherwise. 


Statistics in Vegetation Analysis, Random Sampling 
and Homogeneity 


Phytosociologists have always been hesitant to apply statistics 
to subjectively collected plot data. However, the Danish School of 
Phytosociology has fruitfully applied statistical equations to fre- 
quency data collected by random sampling. This random or sys- 
tematical sampling procedure has been chosen purposely for its 
objectivity in the collection of data. Statistical equations based 
upon laws of (normal) frequency distributions, like the negative 
binomial of Fisher (1941) and the Poisson distribution, can be 
used only when such objectivity in sampling has been guaranteed. 
This is, of course, completely contrary to the subjective sampling 
procedure of the ZM School, and therefore the applicability to it of 
statistical concepts will always be very limited. 

Jaccard (1932), Kulczynski (1927) and Sgrensen (1948) have 
proposed an index of similarity between vegetation units, or com- 
munities. Similarity between two vegetation units can be objec- 
tively checked by considering number of species and species 
presence. Jaccard (1901, 1932) was the first to propose a mathe- 
matical equation for the determination of floristic similarity be- 
tween two vegetation units. When the number of species of asso- 
ciation A is n;, the number of species of association B is ng, and 
the number of species common to both associations A and B is n, 
the following similarity coefficients (Ge: Gemeinschaftskoeffizient, 
Verwandtschaftkoeffizient ; Fr. coefficient de similarité) are valid: 


Jaccard (1901, 1932) 


Ne 
~ Mh +Me— Me 


Kulczynski (1927) 
Ne Ne 
a Nh Ns a (mi + ne) ne 
2 2 mina 





S¢grensen (1948) 


QS = 100- —M— 2-22 . 109 
Th +MNe Ti + Ne 


2 
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De Vries (1954) has calculated the so-called “ quantile correla- 
tion coefficient ” (r) (Hamming) of common grassland species by 
considering the occurrence (presence) of two species, X and Y, in 
a number of vegetation plots according to the following diagram: 


Species Y 
B 








Species X | C D 

















s N 





A= number of times species X and Y occur together 
= number of times Y occurs in total 
= number of times X occurs in total 
B = P—A= number of times Y occurs without X 
C=R-A= number of times X occurs without Y 
= number of times X nor Y occur at all 
N = total —— of sample plots 
S= 7 Bn =B+D 
Q= ab +D 


r=sin (Tx90°), in which TaRXD=Bxl 


PxQxRxS 
Approximation for r <.0.75 is the equation: r=-0.6 log eas 
Raabe (1952) and Kulczynski (1927) have proposed to calcu- 
late “ affinity ’-values for communities represented each by a num- 
ber of vegetation plots in considering the occurrence (presence) 
of species with these plots. If, as an example, the following data 
are known of two associations: 
Number of Presence % Presence % Presence of 
species species X species Y all species 


A Th fu Pz = (pa) 
B Ns qn qe = (qn) 


the following “ affinity indices” are proposed : 
Kulczynski (1927): 
1”. Zpn + Tqn— Z(pn— dn) 4. 2Pat 2dn- = ( Pa =3)] 


2a 


Association 





Raabe (1952) proposes the following indices : 
relative affinity = Ar = (100-—dr) % 


relative difference = dr = 2(Pa-de) - 100 
Th + Ma 





ZURICH-MONTPELLIER SCHOOL OF PHYTOSOCIOLOGY 461 


absolute affinity = A. = (100-d.) % 
= (pa - Gn) : 100 


absolute difference = d, = ZPa 
Th + Ne 





Recently, graphical representation of presence classes has been 
used to express the homogeneity of vegetation units (Margaleff, 
1949, 1951; Matuszkiewicz, 1948, 1950; Guinochet, 1954). The 
homogeneity of a vegetation unit (association) is best expressed 
graphically by a curve fitted to the data of observed presence 
classes (Fig. D). If this curve is typically U-shaped—which 
means that the presence classes I and V are more frequent than the 
following or preceding classes—the association is considered to be 
homogeneous. Guinochet (1954), studying the various types of 
normal frequency distributions, discovered that the Pearson Type 
I curve (Pearson 1930-1931) fitted best to this condition of homo- 
geneity. The U-shaped curve can be exactly calculated to fit the 
observed presence data, and its shape may be regarded as a cri- 
terion of homogeneity. It would be better to use presence cate- 
gories instead of the five 20% presence classes ; there are as many 
presence categories as there are vegetation plots of a compared 
vegetation unit, and presence is expressed as its percentage oc- 
currence in all the compared plots of one vegetation unit. Other 
types of frequency distributions, e.g., the logarithmic series and the 
negative-binomial (Fisher, 1941), may be represented graphically 
by a J-shaped curve with decreasing values from low to high pres- 
ence categories or classes (cf. Fig. D). This type of frequency 
distribution corresponds closely with plot data collected objectively 
by means of random or systematic sampling ; it also illustrates the- 
oretically that there exists no definite correlation (“ pairing”) be- 
tween observed data (phenomena) distributed at random or by 
chance in space or time. When such a declining curve fits the 
curve of presence data of a vegetation unit (cf. Fig. D—ass: B), 
the unit is considered to be composed of a random grouping of spe- 
cies; in other words, the sampled communities do not represent 
one homogeneous vegetation unit (association) but mixtures of as- 
sociations or transgressions. In a homogeneous association there 
is high probability of concordant occurrence (“ pairing”) of spe- 
cies but no random grouping of species. On the contrary, a homo- 
geneous association will be distinguished by its characteristic spe- 
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Fic. D. Graphical representation of presence categories of species as a 
test for the homogeneity of an association. The tabulation of species pres- 
ence data of the association A is based upon 8 plots (= presence categories) ; 
its U-shaped curve is the Pearson Type I curve of normal frequency dis- 
tributions considered most typical for a homogeneous association (cf. asso- 
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cies composition, in which are character species and indicator 
species. 

Non-homogeneous communities are not associations of the ZM 
School, in spite of their description by so-called “ character spe- 
cies”. First of all, the graphical test for homogeneity with the 
Pearson Type I curve has to be made. Because random or sys- 
tematic sampling can not consider any habitat change in its ob- 
jectivity, this procedure will more likely yield communities with a 
random species grouping than the subjective plot choice method of 
the ZM School. Statistical check and graphical representation 
may justify the ZM choice of sampling by the homogeneity of the 
distinguished communities (associations). 

Granted that description and classification of vegetation units by 
means of diagnostic species groups, or the correlations of such 
units with environmental gradients by means of indicator species 
are the chief and immediate objectives, then random sampling 
techniques are relatively ineffective and time-consuming. How- 
ever, the criticism against random sampling is not a question of its 
fundamental validity or invalidity, but of its practical usefulness. 
It may be fruitfully applied within homogeneous vegetation. The 


subjective, intuitive plot choice with subsequent statistical or 
graphical checks has proven to be the most effective and appro- 
priate procedure in the realm of empirical science. 


SOME CONSIDERATIONS AND CRITICISMS OF THE 
ZM SCHOOL 
With the history and background of the ZM School reviewed, 
it may be worthwhile now to consider some of the objections 
against this approach: 


Limitations of the Original ZM Methodology 


In a few cases ocular estimations, upon which the original ZM 
methodology was based, can not be applied so successfully as else- 
where: 

(1) When species are not conspicuously different in foliage from 
each other, e.g., in grassland flora, serious difficulties may be met 





ciations A and C). If a J-shaped curve results from such a tabulation of 
species presence data, then the association is considered to be non-homogene- 
ous, consisting of a mixture of various homogeneous associations (cf. asso- 
ciation B). (Figure modified from Guinochet, 1954). ‘ 
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with in ocular estimations of cover degree of species and individ- 
uals. Many grass species can be identified from vegetative sprouts 
only with the aid of a hand lens. Much more time is required to 
obtain reliable cover estimations on very limited plot areas (1-5 
m.*). Other techniques of random or systematic sampling, com- 
bined with weighing grass foliage by species collected from sample 
points, are better for characterisation of minor variations in grass- 
land vegetation. This technical difficulty has been solved by grass- 
land specialists in western Europe (Klapp, 1930; de Vries, 1949, 
1953, 1954). 

(2) If the vegetation is very heterogeneous in its species com- 
position, the minimal area of a community may be too extensive 
for ocular estimation of cover. Serious technical difficulties may 
then be expected in the ZM analysis of such vegetation. In tropi- 
cal rain forests this minimal area will probably exceed 10,000 
square meters ; it may even be several hectares! (Richards, 1939, 
1952; Lamprecht, 1954; Meijer Drees, 1954). Also, great floris- 
tic diversity, with several hundreds of species often included in one 
single tropical rain forest plot of a few hundred square meters, 
will make the tabulation of species and formation of diagnostic 


species groups into one synthesis table exceedingly difficult. Little 
research has been done in tropical regions. The preliminary re- 
sults of the ZM phytosociologists (Lebrun, 1947; Schnell, 1952), 
obtained in their ZM analysis of tropical vegetation of Central 
Africa, prove that such difficulties have not been encountered in 
their vegetation types. 


Continuity versus Discontinuity of Vegetation 


In their interesting analysis of American hardwood forests, 
Curtis and McIntosh (1951), Brown and Curtis (1952) and 
Whittaker (1951, 1952) have described the vegetation as a con- 
tinuum. In using random sampling, Whittaker (1951, 1952) has 
graphically illustrated species distributions of the tree layer in re- 
lation to a topographic gradient. No two tree species have identi- 
cal distributions; species are distributed “ individualistically ” in 
the sense of Gleason (1926, 1939) along the adopted gradient. 
However, from this the conclusion may not be drawn that tree 
species are independent of that gradient in the sense that they com- 
bine at random. Therefore stands of trees are not chance com- 
- binations of species without relation to their environment. The 
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variously overlapping distributions of tree species imply, however, 
that many kinds of stands will be formed in relation to the mani- 
fold combinations of site factors, and that these kinds of stands will 
intergrade with one another in various ways. The boundaries of 
distinct associations in a continuum are considered by Whittaker 
(1951) to be wholly arbitrary. Grouping of species into such dis- 
tinct associations is equally arbitrary, for species are not organised 
into well-defined groups, clearly separated from one another, in 
the field. Associations are to be regarded as groupings of con- 
venience, justified by their usefulness but not by any fundamental 
validity as units (Whittaker, 1951, 1952). 

There is no real incompatibility between the concept of the con- 
tinuum and that of the discontinuity (ZM). Authors of the ZM 
School grant that associations intergrade extensively. An author’s 
personal preference and research objectives may determine whether 
he emphasises continuity and intergradation, or the discontinuity 
and usefulness of carefully defined vegetation units. The very dif- 
ferent methods used in these divergent viewpoints may, to some 
extent, create an alleged continuity or discontinuity, for the results 
obtained are never completely independent of research method- 
ology. 

Definite proof that discontinuity may be closer to reality than 
continuity in vegetation, is very difficult to give, and it may be dif- 
ferent for various vegetation units. In this connection it may be 
pointed out that Whittaker (1951, 1952) has based continuity of 
vegetation only upon tree species. In general, tree species are not 
regarded as the best indicative species for environmental change 
along an adopted gradient; the forest floor species of the lesser 
vegetation are far more sensitive for this purpose and have effec- 
tively been used to indicate discontinuity (Cajander, 1926, 1949; 
Kujala, 1926, 1945; Becking, 1954). Recently, mathematical 
proof for discontinuity of vegetation has been given for grassland 
communities by de Vries (1953, 1954), where statistical evidence 
(correlation factor) is decidedly more in favor of discontinuity 
than of continuity. 


Natural versus Disturbed Vegetation Pattern 


Usually the natural “ virgin”, or “ climax”, vegetation pattern 
is looked upon as illustrating the best correlations of communities 
with environment. The ZM methodology has been applied suc- 
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cessfully to natural and climax communities. The striking ad- 
vantage of this methodology is that artificial, disturbed and suc- 
cessional vegetation types can equally well be analysed by it. The 
only postulate is that the plant community must have reached a 
certain temporary equilibrium with its environment, i.e., it must 
display a characteristic species composition. 

Intensive surveys have recently been made of the floristic com- 
position of grasslands and of agricultural fields in western Europe 
(de Vries, 1949, 1953; Tiixen, 1950; Ellenberg, 1950, 1952). 
The floristic composition of the highly artificial vegetation in such 
regions is correlated with fertilisation, irrigation, drainage, crop 
rotation, management, grazing, soil conditions and many other im- 
portant factors. The characteristic species composition of grass- 
land and weed communities provides detailed information about 
pasture and crop conditions. Many European agricultural and 
forest experiment stations now have phytosociologists on their 
staffs to study the indicative value of plant communities for crop, 
pasture and habitat conditions, which development has contributed 
much to the recent growth of applied phytosociology in Europe 
(Aichinger, 1951; Ellenberg, 1939, 1950, 1952; Knapp, 1949; Sis- 
singh, 1950; Tiixen, 1950; de Vries, 1949, 1953, 1954; Wendel- 
berger, 1954). 


Classificatory Emphasis—Why Classify ? 


Classification of vegetation units has the function of systematis- 
ing nature into forms which can be comprehended, compared and 
studied. Because of the abstraction of the associations distin- 
guished, concrete phytocenoses, lacking ideal species composition, 
have to be studied for floristic composition. 

Sometimes the classificatory emphasis of the ZM School has 
been considered as its principal aim. In spite of the fact that pre- 
liminary classification of vegetation units is its immediate goal, 
phytosociology comprises much more than that. After the vege- 
tation pattern has been preliminarily classified and described as 
distinct units, further intensive research can be fruitfully under- 
taken to increase our knowledge of the manifold relations between 
plants and plants, and between plants and environment. Phyto- 
sociology has gradually emerged from being an aspect of plant 
geography into an independent modern science of vegetation, di- 
vided into the following branches: 
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SYNMORPHOLOGY. The study of floristic composition, structure 
(horizontal-vertical, aerial-subterraneous), minimal area of a com- 
munity, floristic homogeneity, periodicity in time and in space. Its 
immediate aim is to provide an adequate floristic inventory of com- 
munities by means of analytic and synthetic characteristics of the 
community. 


SYNECOLOGY.® The study of the interrelations between a plant 
community and its environment; the interaction with climatic, 
edaphic and biotic factors of its habitat; species adaptation and se- 
lection ; and the relation in the sense of requirement for maintain- 
ing the community. Westhoff (1954) uses the term “ synecol- 
ogy ”, comprising both “ final ecology ” and “ causal ecology ”, but 
the author has not followed this proposal. The “ final ecology ” 
(Westhoff, 1954) corresponds with the author’s usage of syn- 
ecology, while “ causal ecology” corresponds with synphysiology. 


SYNPHYSIOLOGY. The study of metabolic processes of plant 
communities or species growing in constant competition with each 
other. Water requirements, transpiration, assimilation and pro- 
duction of organic matter, physiological effects of light, tempera- 
ture, toxic root exudates and biotic factors of the community are 
studied. Originally Du Rietz (1921) proposed the spelling “ sym- 


physiology ”. 


SYNDYNAMICS. The study of successional changes of plant com- 
munities, the causes and trends of progressive and retrogressive, 
allogenic and autogenic successions. 


SYNCHOROLOGY. The study of the distribution ranges of plant 
communities, the phytosociological regions, vegetation complexes 
(zonations), geographical complexes, dissemination spectra, and 
contemporary migration of plant communities. One of its prac- 
tical aims is vegetation mapping. 

SYNPHYLOGENY. The study of the historical trends and evolu- 
tionary changes of plant communities. Synepiontology: the study 
of the ancient distribution pattern and migration of plant commu- 
nities. Both sciences have been united under “ synchronology ”, 


5 Synecology stands here for the German “ Synoekologie” and French 
“ Synécologie”. In Anglo-American usage “ecology” has been used-in a 
much broader sense than its meaning in which it is used here, being that 
part of phytosociology concerned only with the strict relations between 
plants and their environment. 
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which term is misleading because of the different meaning of the 
word synchronous, namely, simultaneous or contemporary. 


SYNTAXONOMY, SYNSYSTEMATICS. The final classification of 
plant communities with knowledge in the preceding branches of 
phytosociology in relation to the taxonomy of the flora, fauna and 
man. 

The classificatory division of phytosociology as a science into the 
above branches designated by the prefix “ syn” has been originally 
proposed by Braun-Blanquet (1928). It has been recently ex- 
panded by Braun-Blanquet (1951) and Westhoff (1954). In the 
author’s opinion, there is no real need for the prefix “syn” in a 
number of cases. However, this classification is by no means in- 
herent to or essential for phytosociology. In fact, it has never 
been used except in textbooks and glossaries. 


Succession 


In distinguishing between associations of the ZM School, only 
floristic criteria have been used. Nothing has been postulated 
about vegetational dynamics; the units recognised are, however, 
not conceived as static but are understood to exist in changing 
vegetation. But the approach of ZM phytosociologists is not 
arbitrary and hypothetical. Communities are studied and classi- 
fied so far as possible in terms of their actual, present floristic com- 
position. Then an attempt is made to relate communities to one 
another dynamically in a diagrammetical representation whenever 
convincing evidence of successional trends can be found. In a 
sere, associations of different alliances and orders may be com- 
bined into the same successional trend (Liidi, 1932, 1948). 


Modern Development of Vegetation Classification 


Plant communities can be classified according to a) geographi- 
cal, b) physiognomic (structural), c) ecological, d) successional 
and e¢) floristic characteristics. In the development of phytoso- 
ciology all these criteria or their combinations have been used for 
the classification of communities. Classification based upon other 
criteria than floristic composition has failed. It seems evident that 
every step away from the narrow path of pure floristic definitions 
of communities is a step towards doom. Only classificatory at- 
tempts based upon integrated floristic criteria have been successful 
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and practical, but the modern development of this floristic classifi- 
cation calls for additional geographical and ecological criteria, and 
successional criteria may also be considered. 


CONVERGENCE BETWEEN SPECIES DOMINANCE AND SPECIES FI- 
DELITY. The failure of Du Rietz’ 1930 classification proposals re- 
sulted from his insistence upon the dominance of a single species 
as the distinguishing feature between sociations. Once sociations 
have been distinguished by their one dominant species, it is floristi- 
cally impossible to group such sociations into higher vegetation 
units because only the single dominant species is available. If a 
combination of the constant non-dominant species were used, pos- 
sibly a more floristic classification would result from its being 
equally valid and perhaps better indicative of the environment. 

Nordhagen (1923, 1928, 1936, 1943, 1954) has successfully 
combined the concept of species dominance (Uppsala Tradition) 
with that of species fidelity (ZM Tradition). He uses species 
dominance for his lowest vegetation units (sociations), and species 
fidelity for his higher units (alliances, orders). The combination 
of ecologically similar sociations constitutes the association (sensu 
ZM), especially when transitory communities seem to be infre- 
quent. For characterising the higher units (alliance, order), only 
species fidelity of the constant species group yields satisfactory 
classification. 

On the other hand, the ZM School has attributed greater sig- 
nificance to the dominance of species, especially in the characteri- 
sation of sub-associations and variants of the type-association. 
Use of a single dominant species for the classification of commu- 
nities may be compared with taxonomic classification on the basis 
of a single floral feature, e.g., red color. Use of several dominant 
and codominant species undoubtedly increases the homogeneity of 
the compared communities. However, character species, dominant 
or non-dominant, with their narrow phytosociological amplitudes, 
are preferable for floristic classification. The increasing emphasis 
upon dominant and constant species in the ZM School implies a 
significant convergence between this school and the Uppsala 
School. At present there is no real fundamental difference be- 
tween the two disciplines. 

Dominance, especially of tree species, may be of importance for - 
the classification and characterisation of higher vegetation units 
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(alliance, order, class), but many minor non-dominant and incon- 
spicuous species have proven to be of great diagnostic value for the 
lower units (association, subassociation). The fidelity of the 
minor species, besides tree species dominance, deserves greater at- 
tention from American ecologists. Classification based only upon 
dominance of single tree species, like American beech (Fagus 
americana), Douglas-fir (Pseudotsuga taxifolia) or Ponderosa 
pine (Pinus ponderosa), will produce meaningless large “ associa- 
tions ” incorporating extreme differences in environment and flo- 
ristic composition into one unit. Classification of these forest 
types by minor species will yield a much better and refined group- 
ing of forest communities. This concept of fidelity has never 
really penetrated into American ecology. Even in American 
papers, which are called “ phytosociological”, plant communities 
are characterised chiefly by dominants, and simply named 
“-etum ”, without considering the fidelity concept and its conse- 
quences or the total characteristic species composition. 


GEOGRAPHICAL OR ECOLOGICAL DIFFERENTIATION OF SPECIES FI- 
DELITy. Substitution of geographical and ecological characteristics 
for fidelity is a trend of increasing importance in the ZM School. 
The change of the original character species concept into character 
species of limited (local) character value was followed by neces- 
sity (cf. p. 452). Since every phytosociological research has to 
start locally, character species at first had only local (regional) 
value. As progress was made in vegetation classification, it be- 
came more and more difficult to discern character species for a 
single association valid in its whole range. It became evident also 
that associations can not always be defined in terms of character 
species; but only the alliance and higher units have a few char- 
acter species. Tiixen (1950) has recently tried to characterise as- 
sociations by common character species, and in so doing has vio- 
lated the original fidelity concept. Different solutions have been 
proposed to solve these difficulties. Traditionally, the basic corner- 
stone of floristic classification has to be the association, occurring 
in a number of floristically different regions. 

The geographical trend in classification offers the oldest solu- 
tion. Among the advocates of this bidimensional classification are 
Braun-Blanquet (1951) and Tiixen (1950). Regional and local 
character species have been discerned for describing vegetation 
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units in geographical regions. Similar units, vicariants, in other 
regions have been distinguished from the type-association by such 
regional or local character species. A vicariant (Meijer Drees, 
1951) is a variant of the type-association distinguished by a group 
of differentiating species and by its geographical limitation, while 
ecologically the type-association and its vicariant are equivalent. 
This geographical distinction has led sometimes to a quite artificial 
delimitation of associations with indistinct regional boundaries. 
Often the type-association has been described from the fringe of 
the actual association range, and the distinction of its vicariants 
has been criticized. 

The ecological trend of classification is followed by Schwickerath 
(1931, 1941, 1944, 1954) and Knapp (1949). It is never purely 
ecological and would better be called an ecological-geographical 
(Schwickerath, Knapp) or an ecological-syndynamic classification 
(Aichinger, 1951, 1954) in conjunction with floristic criteria. 
Meijer Drees (1951) has pointed out that the use of ecological and 
geographical criteria is merely a question of subordination. He 
proposes equal rank for the following two units: 

a) the sub-association, with its specific ending of “-etosum”, 
characterized by floristic differences corresponding with edaphic 
(ecological) habitat conditions. 

b) the variant, with its specific ending of “-osum”, according 
to regional (geographical) and climatological criteria. 

Whether ecological or geographical criteria are given priority is 
arbitrary (left to the opinion of the investigator). Consequently, 
subdivision of the type-association by ecological or geographical 
criteria can be considered of equal validity. However, this floris- 
tic differentiation should remain subordinated to the type-associa- 
tion and should not be called a new association. Presently, there 
is the tendency to describe new associations from former sub-asso- 
ciations, and new alliances from former associations. This is no 
solution of this classification problem, for which internationally ac- 
cepted rules are urgently needed. 

The “ Hauptassoziation” (Knapp, 1949) is primarily an eco- 
logical unit, e.g., the Querceto-Carpinetum-Hauptassoziation which 
is characterized by a deciduous oak-forest complex on moist and 
fertile soils. Subdivision of the Querceto-Carpinetum-Hauptasso- 
ziation into Querceto-Carpinetum atlanticum, QC medio-euro- 
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paeum, QC balcanicum, etc., is purely regional (geographical), but 
the Querceto-Carpinetum typicum (dry habitat), QC stachyetosum 
(moist habitat), QC filipenduletosum (wet habitat) and OC poly- 
trichetosum (acid habitat) are ecological, and the Querceto-Car- 
pinetum unstruto-saalense polytrichetosum is the local (geographi- 
cal) form of the ecological subassociation QC polytrichetosum 
(acidiphilous mixed oak-forest) from the dry region of Central 
Germany. 

In summarisation it can be pointed out that use of geographical 
or ecological criteria at and below the association-level is com- 
pletely subject to the will and judgment of the investigator. This 
solution has been followed chiefly to escape further disintegration 
of the association as the basic vegetation upon which, as a corner- 
stone, the total phytosociological frame of classification has been 
built. The overwhelming number of “ associations’ which have 
been described in different regions are not characterised by valid 
character species; character species in them are recognized only at 
the alliance and higher levels. Community characteristics besides 
fidelity—species dominance, species vitality, physiognomy of the 
community, life form spectra, etc——have been used more and more, 
and such use has resulted in a chaotic classification. These clas- 
sificatory problems present a serious test for the practicability of 
the ZM classification by species fidelity, and must be solved satis- 
factorily in the near future. 

Attempts have been undertaken to propose international rules 
for naming plant communities to combat the chaotic description of 
arbitrarily named associations (Barkman, 1953; Meijer Drees, 
1953). <A chaotic classification may easily lose its synthetic qual- 
ities, so essential for successful application. A parallel tendency of 
disintegration can be observed in the species concept in taxonomy 
where subspecific taxa are subdivided into edaphic forms, geo- 
graphical varieties and ecotypes. 


MICROCOMMUNITY. Bryophyte and lichen communities on trees, 
rocks and decaying logs within a phytocenose represent typical 
microhabitats, often distinguished by characteristic species compo- 
sition, substrata and micro-environment. No international agree- 
ment exists in the classification of such microcommunities. Some 
of the ZM phytosociologists have described such microcommuni- 
ties as “ associations ” and “ alliances” (Ochsner, 1928; Barkman, 
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1949, 1954), independent of the associations in which they occur. 
Phytosociologists of the Uppsala School have described them as 
“synusiae” or “sociations” or “ consociations” (Du Rietz, 
1932), while Gams (1932) proposed the term “ synusiae ” for the 
one-layered epiphytic communities. In the Anglo-American 
Schools, Cain (1938) has called the moss communities “ unions ” 
combined with “alliances” according to their floristic composition. 
Richards (1938) and Turner (1939) have called such moss com- 
munities “associules” and “climax associules”’, following Cle- 
ments’ proposal (1936). Hosokawa (1954) and others have pro- 
posed the terms 4 


iii 


aeroassocion ”, “ aeroconsocion ”, aerosocion ”, 
“ ep-association ” and “ ep-sociation ” which have recently been re- 
placed by “epies” “ epilia” and “ epido” for epiphytic communi- 
ties as parts of the large phytocenose. 

The author feels the need for an international terminology of, 
and recognition of differences between, such micro-phytocenoses 
within the large phytocenoses. The microcommunity has to be de- 
fined as a part of the large phytocenose, characterised by its spe- 
cies composition and indicative of its special micro-habitat. Re- 
cently, Sczcawinsky (1953) proposed the term “ sociation” for a 


plant community within an association, that is, for a part of the 
ecosystem restricted to definite substrata, such as the bark of trees, 
decaying wood, and rock. Upon these special substrata the “ so- 
ciations ” are closely dependent. However, the term “ sociation ” 
has been used by Du Rietz (1930-1932) for a complete ecosystem, 
though of subordinate rank to his association (cf. p. 420). 


STATISTICAL FLORISTIC CLASSIFICATION. The problem of flo- 
ristic classification can be solved by one of three schemes, but it is 
still too premature to discern which will ultimately be pursued 
with best results: 

a) A floristic classification of associations with priority empha- 
sis on geographical distinctions above other criteria, and with sub- 
division of the association according to ecological criteria (sub- 
associations), as proposed by Braun-Blanquet (1951), Tiixen 
(1950) and others. 

b) A floristic classification of associations with priority empha- 
sis on ecological criteria above the geographical subdivision. Sub- 
division at the association level would be primarily ecological ; be- 
low it, geographical and ecological as proposed by Schwickerath 
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(1944, 1954) and Knapp (1949). Aichinger (1954) has sug- 
gested using chiefly syndynamic criteria to distinguish between as- 
sociations and lower units. 

c) A floristic classification of associations based strictly upon 
the greatest floristic affinity, with the following as starting points: 
species fidelity, diagnostic species groups (ecological, geographical 
or syndynamic), total characteristic species composition of the 
phytocenoses. This method has been followed partly by Nord- 
hagen (1936, 1954) and Westhoff (1950). 

The author is in favor for the third method, but it requires as- 
sessment of statistical criteria of affinity, species fidelity and mathe- 
matical correlation of diagnostic species groups with their hypo- 
thetical ecological, geographical or syndynamic character value. A 
valid statistical evaluation of floristic homogeneity in compared 
phytocenoses can contribute substantially towards the best solu- 
tion. Once an effective statistical check has been found for species 
fidelity and floristic affinity, the floristic classification of vegetation 
units, based upon statistical standards, may prove to be most satis- 
factory. 


Conclusion 


The foregoing description of the methodology of the ZM School 
of Phytosociology has been given without claim of completeness or 
of absolute objectivity. The author has been in personal contact 
with a few of its original founders, and he had his training from 
them and from many of the younger prominent leaders of the 
School. 

The comments are offered not primarily as a criticism of either 
the Clementsian approach or the continuum concept and other 
methods in American ecology, but to clarify the relation of these 
concepts to the methods of the ZM-phytosociologists. It is the au- 
thor’s belief that the concepts and methods of ZM-phytosociolo- 
gists offer ecologists a great deal that is insufficiently appreciated, 
and which might with profit be applied to the study of American 
vegetation. The approach of Braun-Blanquet is, whatever its 
limitations, the best means of classifying vegetation yet developed. 
It has shown itself well suited to vegetation of temperate climates, 
such as most Americans deal with, and adaptable to other climates. 
It has proved itself effective in the study of both climax vegetation 
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and disturbed vegetation; it is the basis of the extensive use of 
phytosociology in practical land managernent in western Europe. 
It is now the most nearly international of all approaches to the 
study of vegetation; still wider adoption of it offers the best hope 
of further, future and international agreement among phytoso- 
ciologists and ecologists. The author hopes that the present paper 
may stimulate Americans to apply these productive research meth- 
ods to their own vegetation and will, at least, contribute to mutual 
understanding. 


SUMMARY 


Two very different traditions in the study of vegetation exist 
among American ecologists and European phytosociologists. The 
four major phytosociological schools of Europe are the Physiog- 
nomic-Ecological, the Russian, the Uppsala and the Zurich-Mont- 
pellier. 

The two key ideas of the ZM School are: a) distinction of as- 
sociations and other vegetation units by means of their floristic 
composition only; b) the fidelity concept of species and its useful- 
ness for floristic classification of vegetation units by means of char- 
acter species, differentiating species and characteristic species com- 
position. 

The fundamental vegetation unit is the association which is an 
abstraction obtained by floristic comparison of a number of stands 
(phytocenoses) in subjectively selected sites in the field, and de- 
fined by diagnostic species groups of differing character value. 
Each stand should have the minimum of floristic characters typi- 
cal for the association. The association is not characterised di- 
rectly by habitat, but it is thought to be also an ecological reality, 
ie., occupying a definite and specific habitat. From the tabular 
collection of vegetation plots (synthesis table) of homogeneous 
vegetation the abstraction of the association is made. The synthe- 
sis table gives invaluable information regarding the sociological 
and ecological character value of its species assemblage, and it per- 
mits assessment of the width of the floristic variation of the asso- 
ciation, giving points of reference for identifying its optimal and 
marginal range of distribution. It also provides the ideal char- 
acteristic species composition of the association which is an ab- 
straction never to be met with in the field. 
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Some frequent criticisms and misconceptions of the ZM School 
are reviewed: (a) limitations of the original ZM methodology, 
(b) continuity versus discontinuity of vegetation, (c) natural 
(climax) versus disturbed vegetation, (d) the classificatory em- 
phasis, (e) succession, and (f) the modern development of vegeta- 
tion classification with the tendency of convergence between the 
concepts of species dominance and species fidelity, the arbitrary 
subordination of geographical or ecological distinction of vegeta- 
tion units, the problem of micro-communities, and the statistical 
floristic distinction of vegetation units based upon the greatest flo- 
ristic affinity and homogeneity of the associations. 

An effective system of classification is offered by the ZM-ap- 
proach, the most widely applied and most international of all the 
phytosociological schools in the study of vegetation. The approach 
has been successful in treating European vegetation which is quite 
comparable with that of most of the United States; further con- 
sideration and application of it on the American continent are 
desirable. 
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